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1. Purpose and scope.—a. The purpose of this manual is to pro- 
vide in convenient form an elementary text on celestial air navigation. 
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b. The scope includes description and operation of celestial navi- 
gation instruments and methods currently used by personnel of the 
Air Corps, and an explanation of the principles and fundamentals 
upon which the art of celestial navigation is based. 

2. Prerequisite.—A knowledge of the other forms of navigation, 
particularly precision dead reckoning, is prerequisite to proficiency in 
celestial navigation. The definitions and methods of pilotage, radio, 
and dead reckoning navigation are explained in TM 1-205 and are 
not repeated in this manual. 

3. Definition.—Celestial air navigation, hereinafter referred to as 
celestial navigation, is the art of determining the position of an 
aircraft by the aid of celestial bodies. 

4. Relationship to other methods.—a. Increase in the operating 
ranges of military aircraft has made necessary a form of navigation 
from which position information may be obtained without recourse 
to landmarks or to radio aids. Celestial navigation makes use of 
the sun, stars, planets, and moon to provide such information. It is 
not an independent form of navigation for two reasons; first, steering 
an airplane by reference to celestial bodies is impractical at present 
except during sunlight hours in the polar regions, and second, fre- 
quently the entire sky is obscured. Celestial navigation is employed 
to verify or correct dead reckoning and radio information. Used in 
this manner it informs the navigator that his estimations, measure- 
ments, and calculations are correct, or provides a new starting point. 

6. Tactical considerations and efficient operation of the airplane 
frequently demand that long flights be made at high altitudes. A 
large percentage of such flights are in or above an overcast. This 
prevents the visual determination of drift and ground speed by 
pilotage and dead reckoning methods and may result in accumula- 
tion of excessive errors when complete dependence is placed on these 
methods. 

c. Radio bearings provide an excellent means of checking the 
accuracy of the estimated track and ground speed. Radio methods 
have an outstanding advantage in that no view of the ground or 
sky is necessary, but the fact that ground stations are essential to 
obtain radio bearings constitutes the principal disadvantage from 
the military point of view since the operation of these stations may 
be considerably restricted in time of war. Furthermore, position 


finding by radio may be prevented by natural or man-created static.. 


Also, radio waves are subject to many errors, and the resultant error 
is proportional to the distance from the surface facilities, that is, the 
more distant an airplane is from the bearing stations, the less reliable 
will be the radio fix. 
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d. Since radio aids are not always available celestial navigation is 
regarded as the primary means of checking the dead reckoning. It 
is entirely self-contained, all the necessary equipment being carried 
in the airplane. One of the chief disadvantages of celestial naviga- 
tion from the surface navigator’s point of view, namely, the fact that 
the sky is often completely. overcast for extended periods of time, is 
less of a problem to the air navigator. On most flights the airplane 
is capable of ascending above any overcast for the period required 
to take observations. 

5. Accuracy.—a. Actually, it is wholly impossible to state in so 
many miles the accuracy that may be expected from any of the various 
forms of navigation, for accuracy depends upon the skill of the navi- 
gator, instrumental equipment, type of airplane, and prevailing 
weather conditions. The comfort of the navigator influences his 
efficiency to a marked degree and his work loses accuracy as he 
becomes fatigued. 

6b. By means of astronomical observations a surveyor on the earth 
can determine his position to within a few feet; on a ship at sea, posi- 
tion can usually be determined within a mile. Under average con- 
ditions in the air, an accuracy of 5 to 10 miles can ordinarily be 
obtained although considerably greater errors may occur in rough air. 

c. The remarkable feature of celestial navigation is that its error 
is a constant one. It does not vary with the distance traveled from 
the point of departure. The error will seldom exceed 5 to 10 miles 
whether the airplane has travelled 50 miles or 5,000 miles. On the 
other hand, errors of dead reckoning increase with distance from the 
point of departure. The error in dead reckoning is decideoly cumula- 
tive, as not always realized, compensating errors being of the second 
order of magnitude. In a similar manner, the errors of radio naviga- 
tion increase with distance from the radio beacon or direction finder 
station. It is apparent therefore that during most long flights when 
frequent checks on landmarks or nearby radio stations are not avail- 
able, the moment will come when a position determined by celestial 
means is more reliable and will continue to remain more reliable than 
a position determined by dead reckoning or radio. The exact time 
of this event will depend upon the many variables previously referred 
to in this paragraph. 

6. Simplicity.—a. Because celestial navigation involves certain 
terms and processes of solution with which the average person is not 
familiar, it has long had the reputation for being complicated and 
mysterious. On the contrary, the methods are simple. The air 
navigator’s demand for speed and simplicity in solving the astronom- 
ical triangle has encouraged development of short methods or simpli- 
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fication of older ones so that now practically anyone can apply the 
methods with but little basic knowledge of the subject of navigational 
astronomy. 

b. The position of an aircraft may be fixed by obtaining two or 
more intersecting position lines The simple process involved in 
obtaining each celestial line of position consists of the following 
principal steps to be described in detail in succeeding sections of this 
manual. 

(1) Observe the sextant altitude of a known heavenly body. This 
is the greatest present day source of error in the whole process of 
celestial position finding. 

(2) Note the exact time of the observation. An accurately rated 
watch set to correct time, or the error of which is known, is essential. 

(3) Compute the line of position. The data used in this step are 
the dead reckoning position or an assumed position near it, exact 
Greenwich civil time of the observation, true measured altitude, and 
celestial coordinates of the observed body extracted from the Air 
Almanac. By means of specially designed tables, mechanical com- 
puters, or graphs, computations for the line of position have been 
reduced to simple arithmetic. The time required to accomplish this 
computation varies with the method of reduction used. 

(4) Plot the line of position on the chart. 


Section II 
MOTION OF CELESTIAL BODIES 

Paragraph 
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7. Earth.—a. The earth has several simultaneous motions, but the 
only two which need be discussed herein are— 

(1) Rotation.—The earth rotates from west to east on its polar 
axis once each day. This rotation produces day or night at a certain 
point on the earth, according as the point is toward or away from 
the sun. Each rotation takes place in exactly the same period of 
time and at a uniform rate. 

(2) Revolution.—The earth revolves in a counterclockwise direction 
(as viewed from the north) in an elliptical orbit around the sun, 
with the sun not at the center but at one of the foci of the ellipse, 
making a complete circuit in a year. The angular velocity of its 


4 





TM 1-206 
CELESTIAL AIR NAVIGATION 7-10 


revolution in its orbit measured at the sun is not uniform and the 
linear velocity of its revolution in its orbit is not uniform. 

6. The earth’s axis of rotation is not perpendicular to the plane of 
its orbit but is inclined to it at an angle of 66°33’, that is, the plane of 
the earth’s Equator is inclined at an angle of 23°27’ to the plane of the 
earth’s orbit. This inclination of the earth’s axis causes the different 
seasons of the year. 

8. Solar system.—a. Composition.—The solar system consists of 
the sun @ and the nine planets with their satellites. 

(1) Sun.—The sun is a star. It revolves in a small orbit whose 
diameter is only about 280 miles. This is an insignificant distance 
when compared with the distances of the planets from the sun. The 
sun is therefore considered as being at rest with regard to the earth 
and the other members of the solar system. 

(2) Planets —The planets have motions of rotation on their own 
axes and of revolution around the sun similar to those of the earth. 
The planes of their orbits nearly coincide with the plane of the earth’s. 
The only planets of use to the navigator are Mercury ¥, Venus 9, 
Mars oc’, Jupiter 2, and Saturn k. Mercury and Venus are called 
inferior planets because their orbits are closer to the sun than that of 
the earth. The others are superior planets. 

(3) Satellites—The satellites revolve around the planets. The 
earth’s satellite, the Moon ), is the only satellite sufficiently bright 
for use in navigation. It is the only heavenly body considered as being 
near the earth (average distance 239,000 miles). 

b. Motion.—The whole solar system, taken as a unit, is moving 
through space. While this motion is rapid as compared with the in- 
dividual motions of the earth and other planets, it is very slow when 
considered in relation to the great distances from the solar system 
to the stars. The entire solar system may be considered as an in- 
finitesimally small fraction of the universe with the earth at its center. 

9. Stars.— Although stars have real motions relative to each other, 
they are at such great distances from the earth that their movement 
is imperceptible and the stars are considered “‘fixed.”’ 

10. Celestial sphere (fig. 1).—a. The celestial sphere, used in 
all astronomic calculation, is an imaginary sphere of infinite radius 
with center at the center of the earth. An observer conceived to be at 
the earth’s center and looking through its solid substance not only 
would see the heavenly bodies projected on the celestial sphere but in 
addition would see the imaginary points and circles on the earth’s 
surface (terrestrial poles, equator, meridians of longitude, and paral- 
lels of latitude) projected on it. The imaginary terrestrial points 
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and reference circles thus projected to the celestial sphere constitute 
the celestial reference markings. 

b. The radius of the earth is so small in comparison with distances 
to all bodies except the moon that the position of the observer on the 
surface of the earth does not affect the projection of the bodies, except 
the moon, on the celestial sphere. Therefore, the position of the 
observer is considered at the center of the celestial sphere and no 
significant error is caused thereby. When dealing with the moon a 
correction is applied for this error which is known as parallax. 

11. Apparent motion.—«a. An observer on the earth’s surface is 
constantly changing his position with relation to the celestial bodies 
projected on the sphere, thus giving to the latter an apparent motion. 
This is due to three causes: 

(1) Daily motion of the earth arising from its rotation upon its 
axis, known as rotation. . 

(2) Annual motion of the earth arising from its motion about the 
sun in its orbit, called revolution. 

(3) Actual motion of certain of the celestial bodies themselves. 

b. (1) The effect of rotation is by far the most obvious to an 
observer on the earth for it is this rotation which causes all bodies to 
appear to rise in the eastern and set in the western parts of the earth’s 
horizon. The stars are fixed on the celestial sphere except for motions 
not capable of measurement during a short period. Their apparent 
movement is caused solely by the earth’s rotation and it is readily 
seen that each fixed star will describe an apparent daily path from 
east to west around the earth in a plane perpendicular to the axis of 
the earth. 

(2) The sun not only rises in the east and sets in the west but 
appears to describe a certain path among the stars. This additional 
effect is caused by revolution of the earth in its orbit. 

(3) The planets and the moon appear to describe even more erratic 
paths than the sun among the stars. This is because not only the 
rotation and revolution of the earth affect their apparent motion but 
also the real orbital motions of the bodies themselves. The apparent 
motion of the moon is the most erratic of all the heavenly bodies. 

c. The changes in position of the heavenly bodies produced by daily 
rotation of the earth are different for observers at different points 
upon the earth, and therefore depend upon latitude and longitude of 
the observer. But the changes arising from the other causes named 
are independent of the observer’s position, and may therefore be con- 
sidered at any instant in their relation to the center of the earth. 
To this end the elements necessary for any calculation are tabulated in 
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the Air Almanac from data based upon laws which have been found by 
long series of observations to govern the actual and apparent motion 
of the various bodies. 

d. All of the bodies just described have an additional apparent 
motion imparted to them when the observer is in an airplane in flight. 
The rate of apparent motion of a celestial body does not necessarily 
increase with an increase in speed of the airplane. When a high speed 
aircraft is headed in certain directions with respect to a celestial body, 
the effect may be to cause the body to appear to be standing still or 
even making a retrograde motion. Whether the body will appear to 
be rising, setting, or moving faster or slower than would appear to an 
observer on the earth depends on many factors which will become 
evident from the study of subsequent paragraphs of this manual. 


Section III 


DEFINITIONS AND SYSTEMS OF COORDINATES 
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12. Definitions and abbreviations (fig. 1).—An understanding 
of the several terms used frequently in celestial navigation is 
necessary before the general principles upon which the art is based 
may be studied. Nearly all the elements encountered in a study of 
celestial navigation consist of lines, points, and angular distances of 
the celestial sphere. Many of these terms are new to the student. 
Due to the fact that difficulty is often experienced in visualizing the 
lines of a sphere when they are projected on a flat surface, use of a 
blank globe upon which the various elements may be drawn will be 
found very useful in grasping the full significance of the terms. The 
globe should be provided with a spherical protractor to facilitate 
drawing and measuring great circle arcs. 

a. Zenith (Z) of an observer on the earth’s surface is the point of the 
celestial sphere vertically overhead. The nadir is the point vertically 
beneath (nadir not shown in fig. 1). 

b. Celestial horizon is the great circle of the celestial sphere formed 
by passing a plane through the center of the earth perpendicular to 
the straight liné joining the zenith and nadir. The celestial horizon 
differs from the visible horizon, which is that line appearing to an 
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observer at sea to mark the intersection of the earth and sky. This 
difference arises from two causes: 

(1) The eye of the observer is always elevated above sea level, thus 
giving him a range of vision exceeding 90° from the zenith. This 
cause gives rise to dip of the horizon which is explained in paragraph 
70. | 





Z, zenith of observer z. 

8. star, substellar point of which is s. 

P, celestial pole, and p, corresponding terrestrial pole. 

Triangle PZS is astronomical or celestial triangle and triangle pzs is corresponding terrestrial triangle. 
Other elements of celestial sphere are labeled. 


FIGURE 1.—Celestial sphere with the earth, greatly exaggerated in size, at its center. 


(2) Observer’s actual position is on the surface of the earth instead 
of at its center. This cause gives rise to parallax which is explained 
in paragraph 69. 

c. Artificial horizon is the true celestial horizon determined by some 
mechanical device such as a bubble in the observer’s instrument. This 
is the horizon generally used in aerial navigation because the visible 
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horizon is of little practical value to the aerial navigator. The arti- 
ficial horizon will be assumed in future references unless otherwise 
qualified. 

d. Vertical circles are great circles of the celestial sphere which pass 
through the zenith and the nadir. They are therefore secondary to 
the horizon. The arc SZ in figure 1 is a section of a vertical circle. 
The prime vertical is the vertical circle whose plane is at right angles 
to the plane of the meridian of the observer and intersects the hori- 
zon at its east and west points. 

e. Altitude (H) of any point on the celestial sphere is its angular dis- 
tance from the horizon measured upon the vertical circle passing 
through the point. When the altitude of a body as it appears from a 
point of known latitude and longitude is calculated by anyone of the 
several trigonometric methods available it is called computed altitude 
(H,). When altitude of a body is measured with a sextant, the read- 
ing of the scales is known as sextant altitude (H,). When the sextant 
altitude (H,) is corrected for all the errors of observation true observed 
altitude (H,) results. 

f. Zenith distance of any point is its angular distance from the 
zenith measured upon the vertical circle passing through the point. 
The zenith distance of any point that is above the horizon is therefore 
equal to 90° minus the altitude. 

g. Azimuth (Az or Z) of any point on the celestial sphere is the 
angle at the zenith between the meridian of the observer and the ver- 
tical circle through the point; it may also be regarded as the arc of 
the horizon intercepted between these circles. It is measured from 
either the north or south point to the east or west to either 90° or 
180° and is named accordingly, as N. 50° E. or S. 130° W. For con- 
venience in plotting, an observer in the northern hemisphere usually 
measures azimuth from the North to the nght (clockwise) from 0° to 
360°. This azimuth is abbreviated as Zn and is not preceded or fol- 
lowed by directional abbreviations, as 240° meaning N. 120° W, or S. 
60° W. 

h. Equinoctial or celestial equator is the great circle formed by extend- 
ing the plane of the earth’s equator until it intersects the celestial 
sphere. The celestial equator intersects the horizon at its east and 
west points. 

1. Celestial poles are the two points where the prolonged polar axis 
of the earth intersects the celestial sphere. The elevated pole is the pole 
of the same name as the observer’s latitude upon the earth. 

9. Hour circles, declination circles, or celestial meridians are great cir- 
cles of the celestial sphere passing through the poles. They are there- 
fore secondary to the equinoctial, and may be formed by extending 
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the planes of the respective terrestrial meridians until they intersect 
the celestial sphere. The hour circle containing the zenith is the 
celestial meridian of the observer. The upper branch of the celestial 
meridian is that half which lies on the same side of the poles as the 
zenith, the lower branch being the opposite half. 

kk. Declination (d. or dec.) of any point in the celestial sphere is its 
angular distance from the celestial equator measured on the hour cir- 
cle which passes through that point; it is designated as north or south 
according to the direction of the point from the celestial equator. 
North declinations are sometimes designated by a + sign and south 
declinations by a — sign; however, it is considered better practice to 
label declination with the prefixes N. or S. rather than + or —, be- 
cause the plus and minus signs are not meant to signify that N. 
declination is always additive and S. declination subtractive; the 
reverse is often the case. Declination upon the celestial sphere 
corresponds with latitude upon the earth. 

l. Polar distance of any point is its angular distance from the pole 
measured upon the hour circle passing through the point. It must 
therefore equal 90° minus the declination if measured from the pole 
of the same name as the declination, or 90° plus the declination if 
measured from the pole of opposite name. 

m. Local hour angle (LHA) of any point is the angle at the pole 
between the meridian of the observer and the hour circle passing 
through that point; it may also be regarded as the arc of the equinocital 
intercepted between those circles. It is nearly always measured to 
the east or west from 0° to 180° (0 to 12 hours). The principal excep- 
tion to the 180° east or west method of measuring local hour angle 
occurs when defining the local hour angle of the vernal equinox 
(f). The LHA T is measured from the observer’s meridian toward 
the west as a position direction to 360°. The use of the Air Almanac 
has made it virtually unnecessary ever to express hour angle in units 
of time. 

n. Greenwich hour angle (GHA) of a heavenly body is the angle 
at the pole between the meridian of Greenwich and hour circle of the 
body. It is always measured along the celestial equator from the 
meridian of Greenwich to the west to 360° or 24 hours. 

o. Ecliptic is the great circle representing the path in which the sun 
appears to move by reason of the annual revolution of the earth. 
The plane of the ecliptic is inclined to the plane of the celestial equator 
at an angle of about 23° 27’. 

p. Equinozes are the two points where the ecliptic intersects the 
celestial equator. The point where the sun appears to an observer 
on the earth to pass from southern to northern declination is called 
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the Vernal Equinox or the First Point of Aries and designated by the 
sign of the ram’s horn, T. The hour circle through the vernal 
equinox is used as an origin for locating stars on the celestial sphere 
just as the meridian through Greenwich is the origin of longitude for 
the earth. The other point is called the Autumnal Equinor and is 
diametrically opposite the vernal equinox. It should be remembered 
that the vernal equinox is a definite point in the heavens even though 
it is not visible. 

q. Solstices are points of the ecliptic at a distance of 90° or 6 hours 
from the equinoxes. In the Northern Hemisphere the Summer 
Solstice is the point where the sun appears to be at its greatest distance 
north of the equator when the period of daylight is the longest, and 
the Winter Solstice is the point where the sun appears to be farthest 
south of the equator when the period of daylight is the shortest. 

r. Right ascension (RA) of any point on the celestial sphere is the 
angle at the pole between the hour circle passing through the point 
and the hour circle passing through the vernal equinox; it may be 
regarded as the arc of the celestial equator intercepted between 
those circles. It is measured from the hour circle of the vernal 
equinox to the eastward as a positive direction from 0 hours to 24 
hours (0° to 360°). It should be remembered that although right 
ascension on the celestial sphere corresponds to longitude on the 
earth, right ascension is measured eastward to 24 hours (360°) whereas 
terrestrial longitude is measured to the east or west to 180°. | 

8. Sidereal hour angle (SHA) of any point on the celestial sphere is 
the angle at the pole between the hour circle passing through the point 
and the hour circle passing through the vernal equinox, measured 
from the hour circle of the vernal equinox to the westward as a positive 
direction from 0° to 360° (0 to 24 hours). It is equal to 360° (24 
hours) minus the right ascension. Sidereal hour angle is usually 
expressed in degrees whereas right ascension is usually expressed in 
time units, although each may be expressed either way. 

t. The instant at which any point of the celestial sphere is on the 
meridian of an observer is the time of transit, culmination, or meridian 
passage of that point; when the passage is over that half of the meridian 
which contains the zenith it is designated as wpper transit; when over 
the half containing the nadir, as lower transit. 

- .. Celestial or astronomical triangle is the spherical triangle the 
vertices of which are the elevated pole, the zenith, and the celestial 
body under consideration. 

13. Coordinates (fig. 1).—The location of a celestial body may 
be defined by one of several systems of coordinates used in connection 
with the celestial sphere. There are three systems of coordinates in 
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use in air navigation for defining the position of any point, the systems 
varying according to the circle adopted as the primary and the point 
on the primary which is used as an origin. <A fourth system which 
has the ecliptic for the primary circle is used only by astronomers 
and is not referred to again in this manual. 

a. The altitude and azimuth system is that in which the primary 
circle is the celestial horizon, the secondaries to which are the vertical 
circles. The horizon is intersected by the observer’s celestial meridian 
in its northern and southern points. One of these two points, usually 
that adjacent to the elevated pole, is selected as an origin for reckoning 
coordinates. The azimuth indicates in which vertical circle the 
point to be defined is found, and the altitude gives the position of the 
point in that circle measured from the horizon. 

6b. Declination and hour angle system is that in which the 
primary circle is the celestial equator, the secondaries to which are the 
hour circles. The origin is that point of intersection of the celestial 
equator and the observer’s celestial meridian which is above the 
horizon. The hour angle indicates in which hour circle the point to be 
defined is found, and declination gives the position of the point in that 
circle measured from the celestial equator. The Air Almanac pro- 
vides information whereby the sun, moon, planets, and vernal equinox 
may be “located” on the celestial sphere with respect to the prime 
meridian of Greenwich and the equinoctial at any instant of time. 
The observer then applies his knowledge of longitude, as hereinafter 
described, to locate the body with respect to his own celestial meridian. 

c. Declination and sidereal hour angle system is that in which the 
primary and the secondaries are the same as in the declination and 
hour angle system, but the origin is the vernal equinox. This system 

is used in conjunction with the Greenwich hour angle of the vernal 
equinox to locate the stars, thereby greatly reducing the number of 
tabulations required in the Air Almanac at the expense of a little extra 
work on the part of the navigator. This will be explained in subse- 
quent paragraphs. Air navigators formerly used the declination and 
right ascension system which differs only in that right ascension is 
measured eastward from the vernal equinox whereas the sidereal 
hour angle is measured westward from the vernal equinox. 

14. Geographical position (G. P.) (see fig. 1).—a. Geographical 
position or subpoint of a body is that point on the earth’s surface 
which has the body in its zenith. The geographical position of a 
star at any instant is known as the substellar point; of the sun, the 
subsolar point; and of the moon, the sublunar point. 

6. It is common usage in explaining the fundamentals of celestial 
navigation to refer to the terrestrial triangle which has as its vertices 
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the geographical position of the body under consideration, the 
position of the observer, and the terrestrial pole. Figure 1 shows that 
this terrestrial triangle is similar in every respect to the astronomical 
triangle which it represents. If planes were passed through the sides 
of the astronomical triangle and: the center of the earth, these planes 
would intersect the earth’s surface and form the sides of the terrestrial 
triangle. 

15. Similarity between elements of terrestrial and celestial 
spheres.—The similarity between elements of the terrestrial and 
celestial spheres is shown in the following table: 


Terrestrial sphere Celestial sphere 
Terrestrial poles. _........._.-- Celestial poles. 
Earth’s equator____-_...-.---- Celestial equator or equinoctial. 
Terrestrial horizon........---- Celestial horizon. 
Latitude________.-_...____-_- Declination (Dec.): 
Measured from equator to Measured from celestial equator to the 
the north or south from north or south from 0° to 90°. 
0° to 90°. 
Longitude. .___.._-..--.-.-.-- Greenwich hour angle (GHA): 
Measured from prime me- Measured from Greenwich meridian to the 
ridian of Greenwich to westward from 0° to 360° (0 hours to 
the east or west to 180°. 24 hours). 


Sidereal hour angle (SHA): 

Measured from hour circle through the 
vernal equinox (T) to the westward from 
0° to 360° (0 hours to 24 hours). It is 
equal to 24 hours (or 360°) minus RA. 

Right ascension (RA): 

Measured from hour circle through the 
vernal equinox (T) to the eastward from 
0 hours to 24 hours (0° to 360°). 

Local hour angle (LHA): 

Measured from local meridian to east or 
west from 0° to 180° (0 to 12 hours). 
Principal exception is LHA T which is 

measured to westward to 360° or 24 
| hours. 


Difference in longitude between 
observer’s meridian and the 
meridian through geograph- 
ical position (G. P.) of a body. 


16. Reasons for measuring celestial elements in more than 
one way.—a. It will be remarked from the foregoing definitions that 
angles at the pole and arc of the equinoctial are expressed in hours, 
minutes, and seconds of time, or in degrees, minutes, and seconds of 
arc. The relationship between time and longitude is described in 
section IV. 
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6. The question will arise as to why many of the angles are measured 
in two or three different ways. For example, azimuth may be 
expressed as an angle measured from north clockwise to 360°, from 
north to east or west to 180°, or from north or south to east or west 
up to 90°. One of the principal reasons for these several ways of 
expressing the same element is that a certain saving in space may be 
accomplished by expressing the element in one specific way when com- 
piling the many tables used in celestial navigation. Expressing azi- 
muth as an angle measured from north or south to east or west to 
90° saves space when azimuth tables are separate from the other 
tables of a particular method of solution whereas it might result in 
no appreciable saving when azimuth tables are included on the same 
pages with altitude tables. 

c. The various ways in which hour angle is expressed is another 

cause of confusion. Greenwich hour angle is always measured to the 
westward to 360°. Local hour angle is measured to east or west, 
whichever angle is least, to 180° with one exception, namely, the local 
hour angle of T is always measured to the westward to 360°, just as all 
Greenwich hour angles are measured. It is unfortunate that all 
hour angles are not measured and tabulated westward to 360°, the 
principal justification for not doing so being that the number of 
tabulations can be halved by using the 180°-method. 
_ d. If navigators confined themselves to one particular method of 
converting an observation to a line of position, it would be possible 
to eliminate much of the confusion which arises on initial contact with 
the subject of celestial navigation. Unfortunately, a method which is 
the simplest to use when converting observations on certain bodies 
may be completely unusable or tedious when converting observations 
on other bodies. Hence the proficient navigator needs several meth- 
ods at his disposal. To use them intelligently he must know the origin 
and direction of measurement of the various angles as conceived and 
defined by the originators of the methods. 

e. The novice is further confused by the fact that there are three 
systems of locating the position of a point on the celestial sphere. 
The existence of these three systems facilitates rather than hinders 
the navigator in performing his computations as will be apparent from 
study of subsequent sections of this manual. There is no way that a 
present day navigator can find his position by observing stars, sun, 
moon, or planets without a knowledge of all three systems of coordi- 
nates. 
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17. General.—a. Importance.—Time and the Air Almanac are 
two of the most important subjects to be mastered in the study of 
celestial navigation as they enter tnto every operation for the celestial 
determination of an airplane’s position. It is by the use of time and 
the Air Almanac that the navigator determines the coordinates of the 
geographical position of an observed body. Two of the quantities 
which the navigator must know before he can solve the astronomical 
triangle by computation (as explained in secs. V and VI.) are the 
declination and local hour angle of the observed body. Selection of 
declination from the Almanac is a simple process, but determination of 
local hour angle (which cannot be extracted directly from the Almanac) 
requires a thorough knowledge of the subject of time and the relation 
between time, hour angle, and longitude. 

6. Kinds.—(1) The three different kinds of time encountered in the 
study and employment of celestial navigation are— 

(a) Mean or civil. 

(6) Apparent solar (sometimes called true solar). 

(c) Sidereal (star). 

(2) Standard or zone time is an adaptation of mean or civil. It is 
not considered a separate and distinct type of time because it is 
measured by the travel of the mean sun which is the reference point 
for mean time. 

c. Influence of American Air Almanac.—Beginning with the publi- 
cation of the American Air Almanac in 1941, the navigator’s need for 
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having a complete knowledge of apparent and sidereal times has 
been lessened to a considerable degree. 

(1) When the older methods of finding the difference in longitude 
between the observer’s meridian and the geographical position of a 
heavenly body were employed, it was first necessary to determine the 
‘“‘time”’ of the particular body which was observed with the sextant. 
For example, if the true sun was the body observed, it was necessary 
to determine the apparent time of the instant of observation. This 
could be done in two ways, namely, by carrying a watch rated to keep 
pace with the travel of the apparent sun, or by noting the civil time of 
the observation and converting this civil time to the corresponding 
instant of apparent time. The first method was not practical because 
the true sun does not travel at a uniform rate and a watch cannot be 
rated to keep apparent time accurately over an extended period of 
time. Therefore the second procedure twas the one followed. Like- 
wise, when a star was observed, a watch rated to sidereal time or a 
conversion from civil time to sidereal time was necessary as the first 
step toward finding the LHA of the star. Similarly, a planet’s 
position could be found by determining the planet’s time and the 
moon from the lunar time; however, planetary and lunar times were 
never actually computed because the hour angles of the planets and 
the moon were determined from their tabulated right ascensions and a 
knowledge of sidereal time. 

(2) The Air Almanac tabulates the position of all heavenly bodies 
with respect to the Greenwich meridian and the equator for instants 
of Greenwich civil time. Furthermore, the Greenwich hour angle 
of each of the various heavenly bodies, that is, the westerly longitudi- 
nal distance with respect to the Greenwich meridian, is tabulated in 
.degrees, minutes, and seconds of arc, and not in time units. In 
using the Almanac, it remains only for the navigator to identify the 
instant of Greenwich civil time of his observation and entering the 
almanac he can easily extract the position of body with respect to 
the Greenwich meridian. It is then but a simple process to deter- 
mine the longitudinal distance of the body with respect to his own 
meridian. Hence if the navigator identifies the Greenwich civil 
time and date of his observation, he need no longer convert this time 
to apparent, sidereal, planetary, or lunar time, as the case may be, 
to ‘‘find’’ the body. 

d. Influence of computers.—The issuance of mechanical computers 
to the service has further lessened the need for a knowledge of appar- 
ent and sidereal times. This is true so long as the computers are 
functioning properly. Unfortunately, these computers are not 
infallible and it is the responsibility of the navigator to recognize 
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immediately any malfunctions. Even though the computers are 
operating perfectly, they require periodic adjustment. To detect 
malfunctions and make necessary adjustments requires that the 
navigator have a knowledge of sidereal and ‘apparent times and know 
how to determine them for a given instant of civil time. Though 
occasions for determining apparent or sidereal time corresponding 
to a given instant of civil time are rare, they do arise, and for that 
reason some discussion of apparent and sidereal times cannot wisely 
be omitted from this manual. 

18. Units of time.—a. All the various types of time are generated 
by the travel of certain heavenly bodies or reference points across the 
‘sky. The point of reference for apparent time is the true sun; for mean 
time, an imaginary point called the mean sun; and for sidereal time, 
the vernal equinox. The motions of these bodies are apparent 
rather than real. The easterly rotation of the earth on its axis causes 
the heavenly bodies to appear to revolve around the earth from east 
to west. 

b. The period of apparent revolution is conveniently measured by 
the time elapsing between two successive transits of the poimt of 
reference over the same branch of the meridian. This period is 
called the day. The day 1s divided into 24 equal parts called hours 
and each hour is divided into 60 equal parts called minutes, and each 
minute is divided into 60 equal parts called seconds. 

19. Sidereal time.—a. Generatea solely by earth’s rotation.—The 
simplest conception of time is that of sidereal time because it is gener- 
ated solely by rotation of the earth on its axis. The earth rotates to the 
eastward on its axis at a uniform rate, making 366.24-+ rotations im 
the period of time called a solar year. This eastward rotation of the 
earth gives the stars an apparent east-west motion. In section II it 
was explained that although most of the stars wander through space, 
they are at such inconceivable distances from the solar system that 
their real movement is unnoticed by an observer until, perhaps, a 
lapse of centuries. The stars are therefore considered fixed points on 
the infinite celestial sphere of which the earth is a center, and the 
direction of any star is the same no matter what position the earth 
happens to occupy in its orbit because the orbit 1s a mere speck at the 
center of the celestial sphere. From this, it is quite obvious that the 
apparent travel of the stars across the sky is a phenonmenon which 
results solely from the rotation of the earth on its axis. Since the 
rotation of the earth is absolutely uniform, the lapse of time, as 
indicated by the motions of the stars, is also uniform. 

b. Sidereal day.—The interval defined by two successive upper 
transits of a star over the same meridian on the earth is a perfectly 
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definite unit of time called the sidereal day during which the earth 
makes a complete rotation on its axis. Rather than using a star for 
the purpose, an arbitrary point, the vernal equinox (T), has been 
selected as the generating point of sidereal time. In section III it 
has been explained that the vernal equinox is one of the intersections 
of the equator and the ecliptic and that although invisible it is a fixed 
point which travels uniformly at the same rate as the stars. As this 
point is in the plane of the equator, it will travel across the heavens 
along the line where the plane of the earth’s equator if extended 
would cut the celestial sphere. 

(1) Definition.—The sidereal day at a given place on the earth 
begins and ends when the hour circle of the vernal equinox coincides 
with the upper branch of the meridian of that place. The sidereal 
day may therefore be defined as the interval of time between two 
successive transits of the vernal equinox across the meridian of that 
place. If Greenwich is the place selected, the Greenwich sidereal 
time (GST) will be zero when the hour circle of the vernal equinox 
coincides with the Greenwich meridian. As time elapses the vernal 
equinox moves (apparently) to the westward, the GST gradually 
increasing until when 24 hours of sidereal time have elapsed (one 
rotation of the earth) the vernal equinox will again coincide with the 
Greenwich meridian and it will be 24" GST or again 0° GST. Similar- 
ly, when the meridian of the vernal equinox is defined with respect to 
the observer’s meridian, it is known as local siderea] time (LST). 

(2) Relation between sidereal time and hour angle of T.—(a) The 
origin of sidereal time is the instant the vernal equinox transits the 
upper branch of the meridian. It will be remembered that the upper 
branch of the meridian is also the origin for measuring hour angle. 
Therefore since Greenwich hour angle is always measured westward 
to 24 hours (360°) it is apparent that GST and GHA fT are one and 
the same provided, of course, that they are expressed in the same 
kind of units, that is, in either time or arc. Also LST=LHA 17, 

_. provided LHA {7 is considered as being measured only in a westerly 
direction from the observer’s meridian. 

(6) When the older methods of locating a star were used, deter- 
mining the GST was one of the first steps toward finding the LHA of 
the star. From the new Air Almanac GST may be extracted directly, 
but instead of calling it GST and giving the position of the vernal 
equinox with respect to the Greenwich meridian in units of time, it is 
called GHA T and expressed in units of arc. The method of extract- 
ing GHA 7 for any instant of Greenwich civil time is described in 
paragraph 27. 
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c. Duration.—Sidereal units of time are not of the same duration 
as the corresponding units of mean solar time, which is the kind of 
time kept by everyday watches. The difference between the units 
and the interconversion of mean and sidereal times is explained in 
subsequent paragraphs of this section. 

20. Apparent solar time.—a. Influenced by both rotation and revo- 
lution of earth.—If the earth pursued only its motion of rotating on its 
axis, it is clear that the sun’s apparent travel across the sky would 
be exactly the same as that of a star situated at a point on the celes- 
tial sphere directly behind the sun. But while the earth is rotating 
on its axis, it also advances in its orbit around the sun, completing 
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FIGURE 2.—Effect of revolution. 


the circuit in 1 year. It is this revolution of the earth in its orbit 
(the ecliptic) which makes the sun appear to move around the sky 
among the stars. Figure 2 represents three positions of the earth in its 
orbit. The surface of the paper represents the plane of the eliptic with 
the large outer circle representing the intersection of the ecliptic with 
the celestial sphere; the earth’s orbit, greatly exaggerated in size and 
shape, is shown with the sun at one of the foci of the ellipse. When 
the earth is at /,, the sun appears to be at S,; when the earth has 
moved to the eastward to position E,, the sun appears to be at S; 
and when the earth occupies position E;, the sun appears to be in 
position S;. Hence, considering only the earth’s eastward revolution 
in its orbit, the sun appears to move in the same direction, that is, 
to the eastward in the eliptic. In other words, if the earth did not 
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rotate but still moved eastward in its orbit the sun would rise in the 
west and set in the east, and it would rise and set only once during 
the year. This apparent motion of the sun to the eastward is con- 
trary to the effect of rotation which causes the sun to appear to move 
from east to west. The earth rotates 366.24+ times to the eastward 
on its axis during the year which makes the sun appear to move 
from east to west, and revolves once a year which makes the sun 
appear to move from west to east. The net result of these two 
motions causes the sun to rise and set 365.24+ times a year; that is, 
the sun makes 365.24-++ apparent yearly revolutions to the westward. 

b. Apparent solar day.—An apparent solar day at any place is the 
interval of time between two successive lower transits of the center 
of the true sun over the meridian of that place. The apparent solar 
time of the observer is referred to as local apparent time (LAT). 
The apparent solar time at some other point is referred to by prefix- 
ing the name of the locality, for example, Greenwich apparent time 
(GAT). For navigational purposes, the hours of the apparent solar 
day are numbered from 0 at lower transit to 24 at the next lower 
transit. 

c. Relation between apparent time and hour angle of apparent sun.— 
The origin of apparent solar time is the instant the apparent sun 
transits the lower branch of the meridian. This instant is apparent 
midnight. It will be remembered that the upper branch of the 
meridian is the origin for measuring hour angles. It is evident 
therefore that the apparent time and the hour angle of the apparent 
sun at any instant differ by 12 hours of apparent time. 

(1) Then GHA @=GAT—12 hours. If the GAT is less than 12 
hours, 24 hours must be added to it before the subtraction can be 
made; the equation then becomes GHA @=GAT+12 hours. 
Another way of stating this is if true sun is— 

(a) West of Greenwich (P. M.), GHA @©=GAT— 12°. 

(6) East of Greenwich (A. M.), GHA ©=GAT+12". 

(2) (a) The above relationship holds not only for Greenwich 
meridian and Greenwich apparent time but for apparent time of 
any meridian. That is, if true sun is west of local meridian (P. M.): 


LHA ©=LAT— 12". 
If the true sun is east of the local meridian (A. M.): 
LHA ©®=LAT-+12". 


The LHA © obtained from the preceding equations is always westerly. 
It is obvious that the westerly LHA © obtained as a result of using 
the second of the above formulas will exceed 12 hours, and the astro- 


20 


TM 1-206 
CELESTIAL AIR NAVIGATION 20 


nomical triangle cannot be solved until that hour angle which is less 
than 12 hours is found; hence, when the second of the above equations 
is used the easterly hour angle must be found. The easterly hour 
angle can be determined by subtracting the right hand side of the 
equation from 24". The second equation then becomes, if true sun 
is east of the local meridian: 


Easterly LHA @=24°— (LAT+ 12"), or 
Easterly LHA @=12°—LAT. 


(b) The navigator need not memorize the foregoing equations. If 
he draws a time diagram as described in paragraph 24, the relationship 
is derived readily. 

(3) Only the older methods of finding the local hour angle of the 
true sun made use of above relationship. The GCT of the instant of 
observation was noted and the GAT was computed from data con- 
tained in the Nautical Almanac. Knowing the GAT, the GHA © in 
time units was found from one of the above formulas and converted 
to arc; then the LHA © determined by properly applying the ob- 
server’s longitude (see par. 24). This tedious procedure is no longer 
necessary because astronomers at the Naval Observatory have com- 
puted the GHA’s @ in arc and tabulated them in the Air Almanac so 
that the navigator may extract directly the GHA @ for any instant 
of Greenwich civil time. | 

d. Apparent solar day longer than sidereal.—The apparent solar day 
is of greater length than the sidereal day because the earth in rotating 
to bring the sun twice in succession over the same meridian must 
turn more than a complete rotation. This is caused by the effect 
of revolution. It has been explained how the sun makes an apparent 
revolution of the stars in 365 days and therefore since the circuit of 
the heavens is 360° it moves to eastward on the average of *5%¢, 
of a degree, or a little less than 1° a day. The earth turns 15° in 
1 hour and 1° in 4 minutes, from which it follows that the solar day is 
nearly 4 minutes longer on the average than the sidereal day. The 
exact difference is 3 minutes 56.6 seconds of mean solar time. This 
difference is illustrated in figure 3. , and &, represent in exaggera- 
tion two orbital positions of the earth on successive days. Assume 
that when the earth is at ZH, there is a star situated at a point directly 
behind the sun. When the meridian through A has rotated once 
with respect to the star, 24 hours of sidereal time will have been com- 
pleted. During this time the earth has moved from E, to E, but due 
to the fact that the star is at an infinite distance, thus making the 
earth’s orbit insignificant with respect to it, the star appears to be in 
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the same direction as when the earth was at E, and the sidereal day is 
completed when the meridian A’ is parallel to A. But when the 
meridian is in position A’, the solar day has not yet been completed and 
will not be completed until the sun is over the meridian again. It 
will be in this position 3 minutes 56.6 seconds after it is in position 
A’, this being the additional amount of time required for the earth 
to turn through the 1° (approximate) that the sun travels to the 
eastward among the stars between its successive transits over the 
same meridian. | 

e. Variations in lengths of apparent solar days.—If the apparent 
motion of the sun eastward among the stars were uniform each solar 
day would be longer than the sidereal day by the same amount, and 
since the sidereal days are all of equal length, the solar days also would 
be of equal length. But the eastward apparent motion of the sun is 
somehwat variable for two reasons, first, because of the variation in ve- 
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FIGURE 3.—Difference between a sidereal and solar day. 


locity of the earth’s progress in its orbit and, second, because of the 
inclination or obliquity of the plane of the ecliptic with the equinoctial. 
The first of these causes is called eccentricity. 

(1) Effect of eccentricity (fig. 4).—It was explained in section II 
that the earth does not move about the sun in a circular path but in an 
ellipse, the sun being at one of the foci. It moves at a varying rate 
according to Kepler’s second law, the law of equal areas, which states 
that the line joining the sun and the earth (radius vector) sweeps over 
equal areas in equal times. This effect is shown in figure 4 wherein 
the earth’s orbit, which actually is only slightly elliptical, is shown 
greatly exaggerated to point out the significance of the effect. The 
cross-hatched areas shown in figure 4 are equal in area and, according 
to Kepler’s law, are swept over in equal times. An inspection of the 
figure at once shows that the earth travels at a greater rate in its 
orbit when closest to the sun. This uneven rate of travel of the earth 
correspondingly affects the apparent motion of the sun so that it 
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appears to move at a varying rate. This effect is also evident from 
inspection of figure 2. 

(2) Effect of inclination (obliguity).—The second important reason 
why the solar days vary in length is that the earth moves eastward 
along the ecliptic and not along the equator. Even if the earth’s 
travel in its orbit were considered uniform for the moment, the sun 
would appear to move at a varying rate when this motion is translated 
to the equinoctial where time and hour angle are measured. Of the 





Fiaure 4.--Effect of eccentricity on length of apparent solar day. 


two influences, eccentricity and inclination, the effect of inclination ° 
is the greater. 

21. Mean solar time.—a. Need.—Since the activities of mankind 
are dependent largely upon the period of daylight, it is desirable for 
practical purposes to have a unit of time based in some way upon the 
rotation of the earth with respect to the sun. On the other hand, it is 
undesirable to have a unit of variable length as is the apparent solar day, 
one reason being that it would be impractical to construct a varying 
rate timepiece to keep in step with the true sun’s change in pace. In 
order to retain the advantages of a time measurement based on the sun 
but to establish a solar day of uniform length, time based on the travel 
of a fictitious luminary called the mean sun has been introduced. 

6b. Mean sun.—The mean sun is an imaginary sun which travels to 
the eastward in the plane of the equinoctial at a uniform rate, its 
velocity being equal to the average apparent velocity of the true sun 
in the ecliptic. Since the true sun appears to move eastward in the 
ecliptic at an average daily rate of 3 minutes 56.6 seconds (slightly 
less than 1° per day), the mean sun is considered as moving uniformly 
in the plane of the equinoctial at that rate. 

c. Mean solar day.—A mean solar day at any place is the interval 
of time between two successive lower transits of the mean sun over 
the meridian of the place. The mean solar day coincides with the 
civil day of the same date and hence mean solar time is referred to as 
civil time. The mean solar time of the observer is referred to as local 
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mean time or, more commonly, local civil time (LCT). The mean 
solar time of another point is referred to by prefixing the name of the 
place, for example, Greenwich mean time (GMT) or Greenwich civil 
time (GCT). The Greenwich civil day begins when the mean sun is 
transiting the lower branch of the Greenwich meridian, that is, when the 
mean sun is over the 180th meridian. When thesun is over the upper 
branch of the Greenwich meridian it is 12 hours GCT or Greenwich 
noon. The Greenwich civil day is completed when the mean sun is 
once more over the lower branch of the Greenwich meridian. Simi- 
larly, the civil day for an observer in any other longitude begins when 
the sun is passing over the lower branch of the observer’s meridian 
and it is local civil noon when the mean sun is transiting the upper 
branch of the observer’s meridian. For navigational purposes the 
hours of the civil day are numbered from 0 at lower transit to 24 at 
the next lower transit. In this system the suffixes A. M. and P. M. 
are omitted because they are unnecessary. 

d. Relation between civil time and hour angle of mean sun. —The 
origin of civil time is the instant the mean sun transits the lower 

_ branch of the meridian. It will be remembered that the upper branch 
of the meridian is the origin for measuring hour angles. It is evident 
therefore that the civil time and hour angle of the mean sun at any 
instant differ by 12 hours of civil time. If the mean sun is west of 
the meridian, then LHA ©=LCT—12 hours; if the mean sun is east 
of the meridian LHA ©=LCT+12 hours; in both cases LHA © 
must be considered as being measured in a westerly direction. In 
other words, the same relationship exists between LHA © and mean 
time as exists between LHA © and apparent time, as will be readily 
seen if a time diagram is constructed. LHA © never appears 
as one of the elements of the astronomical triangle, because the mean 
sun cannot be observed. Therefore there is no need for the navigator — 
to memorize the above equations. 

e. Determination of mean time.—Since the mean sun is a fictitious 
body which cannot be seen, mean time cannot be determined by 
direct observation but may be determined indirectly by converting 
observations of the real sun or the stars. Except under very unusual 
circumstances, the navigator himself is never required to do this 
because the radio time signals broadcast from the Naval Observatory 
give him all the information he needs to set and check his watch. 
When radio time signals are not available, the watch time can be 
checked by following the procedure given in paragraph 88d(2)(e). 

22. Equation of time.— Mean time lapses uniformly. Four times 
& year mean solar time and apparent solar time are the same; at other 
times the real sun is either ahead or behind the mean sun by an amount 
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varying from 1 to 16 minutes. The difference between apparent and 
mean time at any instant is called the equation of time. It is taken 
with such an algebraic sign that when added to mean solar time true 
solar time is obtained. The equation of time is tabulated in the 
Nautical Almanac but it has been omitted from the Air Almanac 
because the aerial navigator no longer needs it to locate the true sun. 
However, the navigator must determine the equation of time oc- 
casionally in order to check adjustment of the A-4 (line of position) 
computer. For this purpose he can indirectly determine its value from 
values tabulated in the Air Almanac. The procedure is explained later 
when the navigator has become familiar with contents of the Almanac. 

23. Relation of time and longitude.—a. General.—It has been 
said that the interval defined by two consecutive passages of the 
vernal equinox over the same meridian on the earth is a definite unit 
of time called the sidereal day. If the true sun is substituted for the 
vernal equinox, the period defined by the successive passages is an 
apparent solar day, and if the mean sun is substituted, the period is a 
civil day. Notwithstanding the fact apparent and mean solar days 
begin and end when their respective reference points are making a 
lower transit whereas the sidereal day begins when the vernal 
equinox is making an upper transit, the three types of days have a 
common feature; that is, the day is a period required for a generating 
body to pass over 360° of the earth’s longitude. Considering the 
day to consist of 24 hours, the equation 24 hours equals 360° may 
be set up. It follows that 1 hour equals 15° of longitude, 1 minute 
of time equals 15 minutes of longitude, and 1 second of time equals 
15 seconds of longitude. A table for converting longitude to time 
and vice versa is given on page IX in the rear of the Air Almanac. 
Using this table, 4° 13™ 39° will be seen to equal 63°24'45”’ of long- 
itude. Also, longitude in arc may be converted to time as 288° 
44’.5=19" 14™ 58°. 

b. Time—longitude relationship inflerible-—(1) From the foregoing 
it will be seen that a definite relation exists between time and longitude. 
A definite amount of the earth’s longitude must be swept over for a 
certain amount of time to elapse, and this arbitrary feature applies to’ 
all time-generating bodies and reference points. The relation between 
time and longitude is tabulated in the aforementioned table and is 
absolutely inflexible. If a body’s rate varies (as does the rate of the 
true sun) the timepiece keeping the time of the body must vary 
proportionately so that the time-longitude relationship of the table 
is maintained exactly. 

(a) For example, assume that a navigator has a watch keeping civil 
time. This watch enables him to locate the earth’s meridian on which 
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the subpoint (geographical position) of the mean sun rests at any 
instant. Thus, if the watch reads 12" 00™ (12 o’clock noon), the geo- 
graphical position of the mean sun is on the meridian for which the 
watch is keeping time. If the watch reads 00" 00™, the mean sun is 
180° away from the meridian for which the watch is keeping time. If 
the watch reads 02" 31™ 22° P. M., the time-arc table shows that the 
mean sun is 37°50’30” in longitude west of the meridian for which 
the watch keeps time. 

(6) Assume that a navigator has been able to procure a special watch 
which varies in rate to keep pace with the true sun and the hands are 
set to read 12" 00™ (12 o’clock noon) just as the true sun’s subpoint 
crosses a certain meridian. The meridian which the true sun will 
cross at 15" 00™ (3:00 P. M.) per watch will be the meridian 45° west 
of that for which the watch is keeping time, this being the amount 
of longitude which by the table must be swept through in 3 hours 
watch time. 

(c) Assume that the navigator has still another special watch which, 
although of uniform rate, is so regulated that between two successive 
transits of the vernal equinox it registers exactly 24 hours. As the sub- 
point of the vernal equinox crosses a certain meridian the watch is set to 
read 0. When the watch reads 03" 007 the subpoint of the vernal 
equinox will be crossing the meridian 45° west of meridian for which 
the watch is keeping time, this being the time-longitude relationship ; 
from the table on page IX of the Air Almanac. A watch such as that 
just described would be a sidereal time watch. 

(2) Thus, regardless of the particular rate of travel of a body or 
whether the body’s travel is uniform or lacks uniformity, the meridian 
over which a body stands may be tound as above, if a timepiece keeping 
the time of the body is available and properly set. In actual practice, 
it is neither convenient nor always possible to carry a watch set to 
keep pace with the rate of travel of each of the heavenly bodies likely 
to be observed. If such were done, a watch would be needed for the 
true sun, moon, planets, and vernal equinox because they all travel at 
different rates. If the Air Almanac is available, a single civil time 
watch, preferably set to GCT, is all that is necessary to locate quickly 
the meridians or hour circles of each of the foregoing bodies for any 
instant of Greenwich civil time. 

c. Difference un time equals difference in longitude —(1) If the mean 
sun is over the meridian of any arbitrary position on the earth, it is 
12" 00" LCT (local civil time) at that position. Obviously, the sun 
can be above only one meridian on the earth at any one instant and 
only at that meridian will the LCT be 12° 00". At a meridian 45° 
in longitude to the west of the point being considered, the LCT must 
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be 09° 00™, for the mean sun travels over exactly 15° of the earth’s 
longitude each hour of civil time and when it arrives above the merid- 
lan 45° to the west 3 hours later, a civil time clock set for that 
meridian must read exactly 12° 00". Similar reasoning shows that at 
a meridian 45° to the east of that one over which the mean sun stands, 
the LCT must be 3:00 P.M., or 15" 00” as it would be expressed in 
navigation work. Consideration of the above shows that the differ- 
ence of the LCT’s of any two meridians converted to arc by the table 
on page IX of the Air Almanac equals the difference of longitude of 
the meridians. ‘Thus in the examples cited the difference of times is 
3 hours which in arc is equal to 45°, the difference of longitude in the 
two cases. The above examples also illustrate that when comparing 
the corresponding times of different meridians, the most easterly 
meridian may be distinguished as that at which the time is greatest 
or latest. | 

(2) The same reasoning that has been used in connection with 
LCT’s may be applied to the LST’s (local sidereal times) of two 
meridians. The difference of the latter times in arc also equals the 
difference of longitude of the meridians. Only when the time-generat- 
ing body or point is nonuniform in its motion is the beginner re- 
luctant to accept the fact that difference of time equals difference of 
longitude. It must be borne constantly in mind that any time- 
generating body in one hour travels over 15° of the earth’s longitude 
regardless of the rate of its travel and of its uniformity or lack of it. 
The watch must vary its rate with the body to make the table on 
page IX of the Almanac hold exactly. Thus the rates of watches 
keeping the LAT’s (local apparent times) of any two meridians would 
vary in step exactly since both of their rates vary with the true sun’s 
change of pace. Consequently, the statement that difference of time 
equals difference of longitude applies also to the LAT’s of any two 
meridians. It should be obvious, after a moment’s thought, that the 
rule concerning difference of time and longitude applies only when the 
same types of local times are considered, that is, two LAT’s, two 
LCT’s, or two LST’s, and these for some absolute instant. 

d. Difference in hour angle equals difference in longittude.—(1) Since 
the hour angle of the true sun always differs from apparent time by 
exactly 12 hours (180°) the difference between the hour angles of the 
true sun with respect to any two meridians at the same absolute in- 
stant of time will equal the difference in longitude of the two meridians. 

(2) Likewise, the difference between the hour angle of the mean sun 
with respect to any two meridians at the same absolute instant of time 
will equal the difference in longitude of the two meridians. 
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(3) Since the hour angle of the vernal equinox is the same as 
sidereal time expressed in arc, the difference between the hour angles 
of the vernal equinox with respect to any two meridians at the same 
absolute instant of time will equal the difference in longitude between 
the two meridians. 

(4) (a) The foregoing statements may be expressed algebraicly in 
the following manner. Let L and L’ represent any two meridians; 
then at the same absolute instant of time 


LHA @®~L’/HA ©=difference in longitude. 
LHA ©~L’/HA ©=difference in longitude. 
LHA T~L’HA 1 =difference in longitude. 


(b) If the Greenwich meridian which is the origin of longitude and 
some other meridian are being considered, the foregoing expressions 
become 

GHA @~LHA @=longitude. 
GHA o~LHA o=longitude. 
GHA 7~LHA 1 =longitude. 


24. Time diagram.—a. Construction.—In order to get an accurate 
picture of the relation between longitude and time a simple diagram 
has been devised. The time diagram is a freehand picture of the 
terrestrial or celestial sphere as seen from above the north pole 
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Ficure 5.—Time diagram of observer at 90° west longitude. 


which serves as a center for the diagram. Figures 5 and 6 are dia- 
grams of this sort. The eye being in the plane of all meridians, the 
meridians appear as straight lines and are appropriately labeled 
(@ for the Greenwich meridian, M for the observer’s etc.). It 1s 


28 





pe ir ene 











TM 1-206 
CELESTIAL AIR NAVIGATION 24 


standard practice to let the lower vertical radius of a circle represent 
the meridian of the observer as shown by PM in the figure and to set 
off the required angles from this line to get the position of the various 
other hour circles and meridians. The upper branch of each meridian 
is shown by a solid line and the lower branch by a dotted line. The 
earth is regarded as standing still with the heavenly bodies and 
celestial hour circles rotating around it from east to west. The 
direction of apparent travel of the heavenly bodies and direction on 
the earth are indicated by a curved arrow pointing in a clockwise 
direction and labeled W (West). Since neither latitude nor declina- 
tion are involved in time problems, the heavenly bodies are all placed 
near the periphery of the circle (the equator, as it were). 





FIGURE 6.—Time diagram of observer at 90° east longitude. 


Norte.— All angles are drawn in freehand and are spprostnate: The sole purpose of the diagram is to 
show how to combine the various angles to find LHA. 


b. Use.—The greatest advantage of the time diagram is that it 
assists the navigator in determining the name {FE or W) and the 
number of degrees in the LHA of a celestial body without making it 
necessary to remember a great many rules. LHA it will be remem- 
bered is the angle between the observer’s meridian (actual or assumed) 
and the hour circle of the body measured to the east or west to 180°. 
Furthermore, hour angles are always measured from the upper 
branch of the meridian. 

(1) To illustrate assume that an observer in longitude 90° W. 
wants to know the LHA® when it is 21" 00" GAT. He draws the 
meridian of Greenwich 90° to his east as shown in figure 5. From 
the time-longitude table, 2100" of time equals 315° of arc so he draws 
P® so that the clockwise angle gP@ is 315°. The GHA@=GAT— 
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12"=315°— 180°=135°. Subtracting the observer’s longitude 90° 
from the GHA@135° it 1s seen that the LHA@® at the given instant is 
45° W. 

(2) Figure 6 is the time diagram for an observer in 90° E. longitude 
at 21°00" GAT. It will be seen from the figure that the sum of the 
clockwise angles MPG (the longitude) and the GHA@ is equal to 360° 
minus LHA®. Therefore, LHA®=360°—90°—135°=135° E. 

(3) Thus, it is seen that the construction of a time diagram makes 
it unnecessary for the navigator to remember elaborate and often 
confusing rules when solving time and hour angle problems. 

c. Hour angle diagram.—When used in conjunction with the Air 
Almanac, a more appropriate name for the figure drawn to assist in 
obtaining the local hour angle is hour angle diagram. The Greenwich 
hour angle tabulations in the Air Almanac are all measured westward 
(clockwise) from the upper branch of the Greenwich meridian. In 
order to locate the true sun, the vernal equinox, the moon, or any of 
the planets on the periphery of the diagram, the values extracted from 
the Almanac are laid off clockwise from the upper branch of the 
Greenwich meridian. The lower branches of the various meridians 
serve no purpose whatsoever when using the Air Almanac. It will be 
explained later how an additional step is necessary when placing stars 
on the diagram; nevertheless, only the upper branches of the various 
meridians are considered when locating the stars just as when locating 
the other bodies. 

26. Standard time (fig. 7).—It has been explained that local civil 
time varies with the longitude of the place. For the purpose of avoiding 
the endless confusion that would result from every person carrying 
the LCT of his own meridian, standard time is used in the business 
world. 

a. Description.—(1) To create standard time, the surface of the 
earth is conceived to be divided into 24 zones, each bounded by 
meridians 15° of arc or 1 hour of time apart in longitude. Residents 
of these bands or zones, carry the time of the central meridian of the 
zone. The initial zone is the one which has the meridian of Green- 
wich running through the middle of it, the meridians 7%° east of 
Greenwich and 7° west of Greenwich marking its eastern and 
western limits. It is called the zero zone because the difference 
between the standard time of this zone and Greenwich civil time is 
zero. Each of the zones in turn is designated by a number repre- 
senting the number of hours by which the standard time of the zone 
differs from Greenwich civil time. 

(2) The zones lying in east longitude from the zero zone are num- 
bered in sequence from 1 to 12, and are called minus zones because 
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in each of them the zone number must be subtracted from the standard 
time in order to obtain the Greenwich civil time. The zones lying 
in west longitude from the zero zone are numbered in sequence from 
1 to 12, and are called plus zones because in each of these zones the 
zone number must be added to the standard time in order to obtain 
the Greenwich civil time. : 

(3) The 12th zone is divided medially by the 180th meridian (the 
line separating the meridians of east longitude from the meridians of 





Fiaure 7.—Zone description diagram. 


west longitude), and the terms minus and plus are used in the halves 
of this zone which lie in the east longitude and west longitude, 
respectively. 

(4) The number of a zone prefixed by its sign constitutes the zone 
description of the time of that zone. 

(5) In the vicinity of land, boundaries between zones are modified 
so as to be in accord with boundaries of the countries or regions using 
corresponding times as shown in the Hydrographic Office Chart of the 
Time Zones of the World (H. O. No. 5192). 

b. Time zones of continental United States.—In continental United 
States there are four standard time belts, eastern, or 75th meridian; 
central, or 90th meridian; mountain, or 105th meridian; and Pacific, 
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or 120th meridian; the times are 5, 6, 7, and 8 hours, respectively 
earlier than Greenwich mean time. 

c. Conversion to GCT.—(1) Although standard time is carried by 
many surface craft, it is not a convenient time for the celestial air 
navigator to carry mainly because aircraft may operate in two or 
three different time zones in the space of a few hours. The navigator 
who carries his civil time watch set to a standard meridian other than 
that of Greenwich must eventually convert the watch time to GCT. 
Therefore it is more convenient for the navigator to set his civil time 
watch to read GCT in the first place, then there will be no need to 
add or subtract so many hours to the watch time to obtain GCT. 

(2) It is not necessary to remember the signs (+ or —) of the 
time zones to convert standard time to GCT and vice versa. If the 
navigator will remember the rule that the most easterly meridian 
always has the greater or later time, it will be apparent that when 
he is carrying the zone time of s standard meridian west of Greenwich, 
the Greenwich time will be the greater or later. The following jingle 
is useful as a guide to the proper application of the zone number: 

Longitude West, 
Greenwich time is best; 
Longitude East, 
Greenwich time is least. 
In case there is any question as to the proper application of the zone 
number, a time diagram will readily indicate the correct solution. > 

d. Conversion of standard time to mean solar (civil) tume.—The differ- 
ence between the local civil time at any place and standard time is 
simply the difference in longitude expressed in time between the place 
and the standard time meridian of that particular time belt. There- 
fore to convert standard time to local civil time, convert the difference 
in longitude to time by use of the time-longitude table. This differ- 
ence of longitude expressed in time is then applied to the standard time 
according to the rule: the more easterly meridian has the greater or 
later time; or a time diagram will show quickly the proper application. 

Example.—Required, the LCT of an observer at 86°42’ W. longitude 
when central standard time is 15°24™36", February 1, 1941. 








Longitude of standard meridian. -_________- 90° 00’ W. 
Observer’s longitude_.______.. _-._.-__-- 86° 42’ W. 
Difference in longitude_____________.--__- 03° 18’ 
Central standard time__________. 15" 24™ 36°, Feb. 1, 1941. 


Difference in longitude expressed +00" 13™ 12° 
in time (from time-longitude 
table). —_—___-—— 
| 64 ae on eee 15" 37™ 48", Feb. 1, 1941. 
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e. Conversion of mean solar time to standard.—To convert mean 
solar (civil) time to standard time the procedure is reversed. 

Example.—Required, the eastern standard time when LOT of an 
observer at 86°42’ W. longitude is 15" 24™ 36°, February 1, 1941. 


Observer’s longitude______._.-.----------- 86° 42’ W. 
Longitude of standard meridian..._.___---- 75° 00’ W. 
Difference in longitude_._______.___--._-- 11° 42’ 

| ed enn te Seat ce 15" 24™ 36", Feb. 1, 1941. 


Difference in longitude expressed oo 46™ 48° 

in time (from time-longitude 

table). ——.-_______—_— 
| Os A (eg 16" 11™ 24°, Feb. 1, 1941. 


26. Greenwich date.—a. The Greenwich hour angles of the ce- 
lestial bodies used in navigation are tabulated in the Air Almanac for 
10-minute intervals of GCT for each day of the year. Therefore in 
order to select the proper data, the navigator must determine the GCT 
and the Greenwich date corresponding to the instant that he observes 
the altitude of the body with his sextant. 

b. The simplest and most convenient way to solve this problem is 
to set the watch to GCT. When GCT is carried on an ordinary 
watch graduated to 12 hours the navigator sometimes becomes con- 
fused as to whether the reading of the hour hand is A. M. or P. M. 
time at Greenwich. To eliminate this confusion, the master naviga- 
tion watches now issued by the Air Corps are graduated from 0 hours 
to 24 hours (see fig. 11). Thus if the watch is set to GCT and the 
hour hand indicates 3:00 o’clock, the Greenwich civil time is 03" 00™ 
and not 15° 00™ (12"+3°). Furthermore, once the Greenwich date 
has been determined account of succeeding dates may be kept simply 
by increasing the Greenwich date by one each time the hour hand 
passes through the 0 (24) hour graduation. 

c. Another decided advantage in favor of carrying GCT is that no 
change of date is necessary when crossing the international date line 
as must be done when local time or zone time is carried. 

d. The watch of course does not indicate the Greenwich date; this 
may differ from the navigator’s local date by one day. The naviga- 
tor like all other people is familiar with the local date of the area in 
which he is operating. The corresponding Greenwich time and date 
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may be found from the standard time and date as illustrated in the 
following examples: | 
(1) Required, the Greenwich civil time and date corresponding to 
17° 35™ eastern standard time, January 4. 
EST= _ 17" 35", Jan. 4. 
Apply zone description (75° W.)= +05" 00™ 


GCT= 22° 35™ Jan. 4. 
(2) Required, Greenwich civil time and date corresponding to 
17 35" Pacific standard time, January 4. 


PST= 17° 35", Jan. 4. 
Apply zone description (120° W)=-+08> 007 
GCT= 25° 35", Jan. 4. 


Since there are only 24 hours in the January 4 date at Greenwich or in 
any day for that matter, it is obviously the next day at Greenwich, 
that is, the GCT is 01" 35", January 5. 

(3) An observer carrying accurate zone time of the 105° E. meridian 
takes an observation at 03" 22™ zone time, local date, January 4. 
Required, GCT and date. 


Zone time (105° E)=03° 22™, Jan. 4= 27° 22™, Jan. 3. 
Apply zone description (105° E) = — 06° 007 
GCT= 2)" 22™, Jan. 3. 


It is apparent that the subtraction cannot be made unless the 03° 22”, 
January 4, is converted to its equivalent 27" 22™ January 3. Then 
making the indicated subtraction the GCT is 21° 22™, January 3. 

e. The navigator will seldom be required to find the LCT and date 
corresponding to a given GCT and date. When he does the above 
process is reversed. The following examples serve to illustrate the 
procedure. 

(1) Required, LCT and date for an observer in DR longitude 78° 
22’ W when the GCT and date are 22° 48™, January 4. 


GCT= 22° 487 00°, Jan. 4. 
Longitude 78° 22’ W expressed in time=— 05" 13™ 28° 
LCT= _ 17" 34™ 32°, Jan. 4. 
(2) Required, LCT and date for an observer in DR longitude 78° 
22’ W when GCT and date are 02> 22™ 45°, January 4. 
GCT=02" 22” 45%, Jan.4—= 26% 22" 45%, Jan. 3. 
Longitude 78° 22’ expressed in time=—05° 13™ 28° 
LOT= 21° 09" 17°, Jan. 3. 
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It is apparent that the subtraction cannot be made unless the 02 22™ 
45°, January 4 is converted to its equivalent 26" 22™ 45°, January 3. 
Then making the subtraction the LCT is 21° 09™ 17°, January 3. 

(3) Required, LCT and date for an observer in DR longitude 170° 
30’ E. when GCT and date are 15" 207 15°, January 4. 


GCT= _ 15° 20™ 155, Jan. 4. 

Longitude 170°30’ E expressed in time=-+11" 22™ 00° 

LOT= 26" 44™ 15" Jan. 4. 
But 26" 44™ 15° on January 4 is 2" 44” 15° more than in the entire day 
of January 4. Therefore the LCT is 2° 44™ 15°, January 5. 

jf. The foregoing examples serve to illustrate that the local date and 
the zone date may differ from the Greenwich date by one day. The 
Air Almanac must be entered with the correct GCT and Greenwich 
date. It is imperative therefore that the navigator take special 
care when determining the Greenwich date. 

27. Locating bodies by means of American Air Almanac 
(app. II).—«. General.—Once the correct GCT and date of an observa- 
tion have been determined, location of the body with respect to the 
Greenwich meridian is a simple process. The daily sheets of the 
Almanac give the GHA’s (in arc) at 10-minute intervals of GCT for the 
true sun, the vernal equinox, the three navigational planets most 
suitable for observation on that date, and the moon. The values for 
the period 00° 00™ to 12° 00" GCT are given on the front of the daily 
sheet and for the remainder of the Greenwich civil day on the back. 
The declinations are given at hourly intervals for the true sun and 
planets; the declination of the moon is given at 10-minute intervals. 
The name and the symbol of each body are at the heads of the re- 
spective columns. It will be noted that the Almanac uses the symbol 
© to represent the true sun, whereas throughout this manual the 
symbol © has been used. The user must bear in mind that the second 
column of the Almanac contains the GHA and declination of the true 
sun, which is the sun observed with the sextant. There is never any 
need for the navigator to use the GHA of the mean sun when locating 
bodies by the Almanac method, hence it is omitted. No declination 
tabulations are listed for YT because its declination is always zero. 
The remaining contents of the Almanac will be disregarded for the 
present. 

b. Reason for tabulating GHA’s at 10-minute intervals.—The various 
celestial bodies appear to travel around the earth at different rates, 
the rate of the vernal equinox (and the stars) being uniform but those 
of the true sun, the planets, and the moon being nonuniform. The 
question immediately arises as to why the GHA’s of those bodies 
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which travel at a nonuniform rate are tabulated for 10-minute inter- 
vals of time when it would appear that they should be listed for every 
minute and second of the day since their angular travel is never con- 
stant. The answer is that although their travel is not uniform it is 
by no means extremely erratic. 

(1) Increase in GHA of apparent sun between 10-minute tabula- 
tions.—Consider, for example, the GHA of the true sun between 00° 
and 00" and 01" 00" GCT, January 1, 1941. The tabulations with 
their differences are— 











=, 

GCT GHA sun | Difference 

| 

h om . | | 
00 00 179 10 o 8 | 

30 

| 2 30 

20 = «©=—s_—s«184—s:110 


30 186 40 


| 
| 
2 30 
| i 2 29 
40 | 189 09 | 
2 30 
50 | 191 39 
| 2 30 
01 00 | 194 09 | 
a. ee et ea ee 


It will be noted that the travel of the apparent sun between the tabu- 
lated 10-minute intervals is at a rate of 2° 30’ for every 10 minutes of 
GCT except in one instance when it is 2° 29’. If any day is selected 
at random and the difference is computed between consecutive 10- 
minute tabulations it will be found that the difference is 2° 30’ m 
nearly every case and never varies by more than 1’ from that figure. 
Therefore travel of the apparent sun between the 10-minute tabula- 
tions may be considered as being constant and at the rate of 2° 30’ 
per 10 minutes; and an interpolation table based on this constant 
travel may be constructed so that the GHA at any intermediate 
instant of GCT may be found by adding to the integral 10-minute 
tabulation the increment obtained by entering the interpolation table 
with the odd minutes and seconds by which the actual time of observa- 
tion differs from the next lower 10-minute tabulation. Such an inter- 
polation table is printed inside the front cover (on the left) and 
repeated on the back flap of the Air Almanac. 


| 
| 
10 | 181 40 
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(2) Increase 1n GHA of planets and vernal equinox between 10- 
minute tabulations._-If the 10-minute differences in the tabulated 
GHA’s of the planets and the vernal equinox are computed in the 
same way as was done for the apparent sun, the same constant 
difference of 2° 30’ per 10 minutes of GCT will be found to exist. 
Therefore when the GHA for an intermediate value of GCT is needed, 
the same interpolation table may be used for these bodies as is used 
for the apparent sun. 

(3) Increase 1n GHA of moon between 10-minute tabulations.—The 
differences between the consecutive tabulations for GHA of the moon 
will be seen to average 2° 25’ on most days, although on some days 
the average difference per 10 minutes will be found to be 2° 26’. This 
corroborates the statement that the most erratic of all the heavenly 
bodies is the moon. To eliminate necessity for printing two interpo- 
lation tables for the moon based respectively on average travels of 
2° 25’ and 2° 26’ per 10 minutes, a correction for HA C is printed on 
the lower right of each daily sheet. This permits the use of a single 
interpolation table constructed for an assumed rate of travel of 2° 25’ 
per 10 minutes of GCT. This table appears inside the front cover 
(on the right) and is repeated on the flap. When the correction HA ¢ 
appearing in the lower right of the daily sheet is 1’ instead of 0’ it 
means that an interpolation table based on an average 10-minute 
travel of 2° 26’ would be a more correct one to use. However, since 
no such table is printed, the 2° 25’ table is used and a correction applied 
as illustrated below. Suppose the GHA of the moon is required for 
02" 23" 21° GCT on a certain date. Assume that the tabulated GHA 
« for 02" 20" GCT is 189° 36’ and that the correction HA € is 1’. 
(At the time of compilation of this manual the daily sheet for January 
1, 1941 was the only one available. Since the HA correction ¢€ on 
January 1, 1941, is 0’, that sheet of the Almanac would not serve to 
illustrate HA correction, € 1. Therefore, the GHA € and the HA 
correction ¢ of 1’ have been assumed. ) 








GHA C at 02" 20" GCT (from daily sheet)___________- 189° 36’ 
Interpolation for 3" 21° (from moon table inside cover) _- 49’ 
Correction HA ¢ for 3™ 21° at 1’ per 10™ (from lower 

right of daily sheet) _________.---_-------_---__--- 0’.3 
GHA ¢€ at 02" 237 21° GCT_..________- ee 190° 25’.3 


Norr.—The interpolation for correction HA € should be done “by eye’’ and 
need be procured only to the nearest tenth of a minute. 


c. GHA interpolation tables —(1) The tables, interpolation of GHA, 
are different from the ordinary types such as are printed for interpolat- 
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ing logarithms. The GHA interpolation tables (and the other tables 
appearing in the Almanac) are of the so-called ‘‘critical”’ or ‘‘turning 
point” type, that is, the values of the argument given are those for 
which the function changes from one unit to the next. The value of 
the function is therefore found to the nearest unit without interpola- 
tion. If the required value of the argument is one of the printed 
values of the table, the upper of the two adjacent values of the func- 
tion should be taken. For example, the interpolated value of 
GHA® for 05" 09° is 1° 17’, not 1° 18’. If the table for interpolating 
GHAC is inspected it will be noted that there is not a constant differ- 
ence of seconds of time between the tabulations of the entering 
argument. 

(2) To illustrate the use of the tables, let it be required to interpolate 
for GHA® for an odd minutes and seconds of 06" 16°. Entering the 
table, the value of the increment is found to be 1° 34’... The increment 
would also be 1° 34’ if the entering argument were 06™ 14°, 06™ 15°, or 
06" 17°. This increment must then be added to the value of GHA® 
previously obtained by entering the daily sheet with the next lower 
integral 10-minute interval of GCT. 

d. Declination.—(1) Declinations of the sun and the planets are 
tabulated for hourly intervals of GCT in the Almanac. The moon’s 
declination is given at 10-minute intervals. When extracting declina- 
tions from the Almanac, the sign (N or S) should be noted carefully 
as well as the figures. | 

(2) A moment’s inspection of the declination tabulations for the 
sun and the planets shows that the hourly differences never exceed 1’. 
Obviously, tabulations at| more frequent intervals would be super- 
fluous. 

(3) A glance at the moon column shows that its declination changes 
several minutes of arc in an hour. Therefore, the 10-minute tabula- 
tions of the moon are essential. 

(4) The stars vary so slightly in declination that it is necessary to 
tabulate their declinations only once for the 4-month period for which 
the Almanac is published. These tabulated declinations appear inside 
the back cover of the Almanac. If the star declinations in several 
different volumes of the Air Almanac are inspected, it will be seen 
that the declinations remain practically unchanged. 

e. Finding GHA and declination of true sun, moon, and planets.— 
The following example illustrates use of the Air Almanac to locate the 
true sun, the moon, or any of the three included planets with respect 
to the meridian of Greenwich and the Equator. 

Example.—Required, GHA and declination of @, €, and 9 for 
17° 477 16° GCT, January 1, 1941. 
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GHA at 175 40 GCT (from daily sheet 


eres wm ee eee 














for Jan. 1)____.__.- 84° 04’ | 36° 25’ | 112° 19’ 
GHA interpolation for 7m 16*_. Bee a, ins 1° 49’ 1° 45’ 1° 49’ 
Correction HA € for 7™ 16° (from . | 

lower right of daily sheet) ___. aod rida cece OP. hig tonite 

— it 
Required GHA_____._ __- | 85°53’ | 38° 10’ | 114° 08" 
Required declination (from daily | 
11] ) eee eo ene a I$ 22° 59’, S 9° 08’ | S 21° 33 
| 





— ————, 





f. GHA and declination i stars. _a) The GHA of an observed star 
is found by adding the GHA 7 and the SHA of the star, that is, GHA 
*=GHA r+ SHA x. If the sum of GHA 7 and SHA x exceeds 
360°, 360° is subtracted from the sum of the two. The foregoing 





FIGURE 8 
@GHAx = GHAT + SHA @ GHAx* = GHAT + SHAx — 360° 


instructions hold for any values of GHA Tf and SHA x. The truth 
of the statement may be seen readily from inspection of figure 8. It 
will be remembered-that GHA’s are always measured westward from 
the upper branch of the Greenwich meridian; also, the SHA’s of the 
stars are always measured westerly from 1T. 

(2) On the inside of the back cover of the Air Almanac are given 
the name, magnitude, SHA, declination, and RA of each of the 55 
principal navigation stars. The SHA’s are expressed in arc. Two 
separate lists are given, one in alphabetical order and the other in order 
of SHA. The principal reason for listing the stars in order of SHA 
is for use in star identification. When finding the GHA of any of the 


G WwW 
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stars, the alphabetical listing will be found to be the more convenient 
column to use. The star’s declination should be noted at the same 
time that its SHA is extracted. 

(3) Examples.—(a) Required, the GHA and declination of Aldeb- 
aran at 17° 47™ 16° GCT January 1, 1941. 


GHA 7 at 17" 40" GCT (from daily sheet for 


1 Fb eet Oe eee inate te 5° 59/ 
GHA 1? interpolation for 7™ 16° GCT (from table 
OW TAD) 3c 5 cto Stade ta tenn edie dle 1° 49’ 
SHA Aldebaran (from inside back cover) -_--__--- +291° 52’ 
Required GHA Aldebaran__..______._____-- 299° 40’ 


Required declination (from inside back cover). N 16° 23’ 


(6) Required, the GHA and declination of Sirius at 03" 23™ 14° 
GCT, January 1, 1941. 


GHA 7 at 03" 20" GCT, Jan. 1, 1941_._________- 150° 23’ 
GHA interpolation for 3" 15®______._-..--_-_--- 0° 49’ 
SHA SINS o.oo dee esate eae -+259° 22’ 
410° 34’ 

— 360° 00’ 

Required GHA Sirius... ______.--_____--- 50° 34’ 
Required declination __-_- a ies ee fe S 16° 38’ 


(4) It is apparent from the above examples that the tabulation of 
the GHA 1 makes it unnecessary to tabulate the GHA of each 
individual star. The SHA of each of the stars is constant, that is, 
it remains unchanged over a considerable period of time. (The 
small changes which will be evident from inspection of different 
volumes of the Almanac are due to precession of the equinoxes, 
nutation, and the real movements of the stars themselves.) If the 
GHA’s of each individual star were tabulated, it would be found 
that the difference in the GHA’s of the two stars at the same instant 
of time would be equal to the difference of their SHA’s. By listing 
with respect to the Greenwich meridian the position of the zero 
meridian (T) from which stars are located in celestial longitude 
(SHA), the position of any star whose SHA is listed may be found 
quickly. 

(5) The Almanac method of locating the stars is analogous to 
locating the angular distance of horses on a merry-go-round from 
the ticket booth at any instant. Suppose the angular distance of 
each horse from a particular horse of reference is measured. The 
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horses are fixed on the merry-go-round and the angular distance of 
each from the reference horse does not change. Now if the angle 
between the ticket booth and the reference horse is known at some 
instant the angle between the ticket booth and any other horse at 
the same instant may be determined by adding the angle between 
the reference horse and the horse under consideration. In the 
celestial sphere, the ticket booth is Greenwich, the reference horse 
is T, and the horse under consideration is the particular star the 
observer selects to sight on. 

g. Finding LHA.—After the GHA of a celestial body has been 
determined its LHA may be found by properly combining GHA of 
the body and observer’s longitude. Since LHA’s are measured from 
observer’s meridian to east and west to 180°, an hour angle diagram 
will be helpful as a guide to proper application of GHA and longitude. 





Figure 9.—Hour angle diagram for star Sirius at 03> 23@ 14° GCT, January 1, 1941, observer at longitude 
103°40 W. 

(1) For example, an observer in DR longitude 103°40’ W has 
observed the star Sirius at 03" 23™ 14° GCT, January 1, 1941. The 
GHA of the star is 50°34’ (already determined in f(3)(b) above). 
The hour angle diagram in figure 9 shows the LHA Sirius to be 
103°40’ — 50°34’ = 53°06’E. 

(2) Likewise, once the GHA of any of the other bodies has been 
determined, its LHA with respect to any meridian is found by simple 
arithmetic and an hour angle diagram. 

h. Air Almanac method.—(1) Speed.—Thus, it is seen that two 
important elements of the astronomical triangle, LHA and declination 
of. the body observed, may be obtained with ease. No knowledge of 
time other than civil is necessary. This is quite different from the 
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older methods when a knowledge of apparent and sidereal times was 
essential. Frequent conversions of time to arc and vice versa were 
necessary. The procedure when locating the moon or planets was so 
tedious and so liable to personal arithmetical errors that many navi- 
gators purposely avoided sighting on these bodies although they 
might be ideally positioned to give an excellent indication. The 
Air Almanac makes it possible to locate sun, moon, and planets with 
equal facility, and only a simple additional step is required to locate 
any of the stars, that being the addition of the SHA of the star to the 
GHA T. 

(2) Accuracy.—The error of an interpolated GHA is never as 
great as 1.8’ and the average error is about 0.8’, except for those cir- 
cumpolar stars whose SHA’s are in parentheses. This degree of 
accuracy is well within limits required for air navigation. 

28. Radio time signals.—Radio time signals are the means by 
which the navigator sets his watch to the correct GCT. At the present 
time there is a lack of uniformity in the time signal systems employed 
throughout the world. The complete description of all systems, sta- 
tions from which signals are transmitted, and operating frequencies and 
schedules are fully described in H. O. 205, Radio Aids to Navigation. 

a. United States system.—(1) Origin—The United States Naval 
Observatory at Washington, D. C., is the origin of all Government 
time signals broadcast in the United States. During transmission of 
the time signal the radio stations at Arlington (NAA) and Annapolis 
(NSS) are automatically controlled by wire from the Naval Observa- 
tory transmitting device. The San Francisco signals are controlled 
by a similar device located at the Mare Island Navy Yard (NPG). 
The time signals sent from Honolulu (NPM) and Balboa, C. Z. (NBA), 
are automatic rebroadcasts of the Washington signals. In the Philip- 
pine Islands time signals are broadcast by the Manila Central Observa- 
tory through the naval radio station at Cavite, P. I. (NPQ). 

(2) Time tick.—(a) The “‘time tick,” as it is popularly called, begins 
at 5 minutes before the hour and continues for 5 minutes for most hours 
of the day. However, there are certain hours when there are no 
broadcasts and the frequencies of the broadcasts vary throughout the 
day; these details are contained in H. O. 205. The times listed in 
H. O. 205 are GCT and when determining what zone time to listen for 
the signal, the navigator must apply the zone description to the 
GCT’s tabulated in the aforementioned publication. 

(b) Signals are transmitted on every second during the 5-minute 
period, except that there is no signal on the 29th second of any minute 
nor on certain seconds at the ends of the minutes, as shown in figure 
10. The vertical graduations in the diagram indicate seconds on which 
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signals are transmitted. The seconds marked 60 are the zero seconds 
of the following minutes. All seconds from 0 to 50, inclusive, are 
transmitted except the 29th second, as explained above. The dash 


8 
$ & 3 & 


Ficurg 10.—Radio time signal diagram. 





on the beginning of the hour (shown as 59 minutes 60 seconds on the 
diagram) is much longer than the others (that is, 1.8 seconds). It will 
be noted that the number of dashes sounded in the group at the end of 
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any minute indicates the number of minutes of the signals yet to be 
sent. | 

b. Determining watch error.—The beginner will find some practice 
is necessary to determine the error of a timepiece by means of the 
time signal. The suggested procedure that follows will be quite use- 
ful if no previous practice has been had. As the first step, identify 
the minute. To do this wait for a break in the signal and begin 
counting ALOUD, one, two, three, etc., when the signal continues. 
If after counting four or less another break occurs, immediately and 
quickly subtract the number counted from 60. The result will tell 
the number of the minute of the hour. If after counting 5 or more 
no break occurs, the count was picked up at the 30th second and may 
be dropped until the next break occurs. If the count has been four 
or less when the second break occurs, the break will be of 4 seconds 
duration, during which the hour and the NEXT minute of the tick 
should be quickly jotted down. The first dot heard after the 4-second 
break is the last second of the minute being counted, and the count 
should be picked up again, this time as sixty-one, two, etc. While 
counting, the watch should be read and its hours and minutes recorded. 
Now looking at the watch, wait until its second hand reaches a 5- or 10- 
second division and when it does, note which division and at the same 
instant note the count. Write the seconds of the watch after its 
hours and minutes already recorded and the count after the hours 
and minutes of the time tick. To avoid possibility of personal error 
when making the comparison, the foregoing procedure should be re- 
peated at least twice during the period of the broadcast. The differ- 
ence between the tick and the watch is the watch error. An inspection 
will show whether the watch is slow or fast. The watch error thus 
obtained should be recorded on a form similar to that shown below. 


Watch 


- Rate of change 
Date GCT of check : Seconds (Seconds rer 24 
| hours) 





——-_ +» ff 
t 





Fast Slow Gain Loss 














pe ee a a 





TM 1-206 
CELESTIAL AIR NAVIGATION 28-29 


c. Resetting watch.—(1) Prior to resetting a watch, the watch error 
should be determined and recorded during the early minutes of the 
time tick so that a continuous record of the watch’s rate may be kept. 
The late minutes of the time tick are utilized for resetting and 
rechecking. 

(2) The latest types of master watches and hack watches issued by 
the Air Corps are designed so that the hands may be stopped in any 
desired position. These watches may be reset so that the watch error 
is zero simply by stopping the second hand on 60 and adjusting the 
minute hand so that it will indicate the proper minute coming up on 
the time tick and then quickly starting the watch when the new 
minute begins. 

(3) Some watches vary from the above types in that they have a 
second-setting feature, that is, the second hand cannot be stopped but 
the second dial may be rotated and locked in any desired position. 
Obviously the seconds error may be removed when setting this type of 
watch. Care must be exercised when setting to see that the minute 
and second hands are set together; that is, the former must be at a 
minute division when the latter is at 60. This precaution must be 
taken when setting all types of watches. 

d. Applying watch error.—If the timepiece has not been reset so 
that its error is zero, the error must be allowed for when the precise 
time is wanted at any instant subsequent to setting. The error is 
applied with reverse sign to the watch reading to obtain correct time. 

29. Chronometers and watches.—a. Jmportance of keeping of 
time.—The expression ‘‘time means longitude” probably had its origin 
in the era when navigators observed on heavenly bodies only when 
they lay in either a north-south direction (for latitude) or in an east- 
west direction (for longitude). The approximate latitude could be 
obtained with a knowledge of only the approximate time but the 
longitude determination required a knowledge of the exact time. 
Today the navigator no longer confines himself to observing on 
bodies which lie on his meridian or on his prime vertical; hence, time 
not only means longitude but it affects the results of every line of 
position regardless of the place the body occupies in the heavens. 
An error of 4 seconds in time can cause a 1-mile error in the results of 
an observation. The inaccuracy resulting from a 4-second error may 
seem of little import from the air navigation point of view. However, 
this is a poor argument in justification of the error. The unavoidable 
errors due to transient bubble accelerations while observing a celestial 
body may be quite large, and there is little excuse for introducing an 
additional error which as easily as not can be avoided. In order that 
the correct time will always be available the navigator needs a high 
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grade timepiece which has been properly set and rate of which is 
known. 

b. Chronometer.—Strictly speaking a chronometer is a clock of 
very accurate construction, usually equipped with a special com- 
pensation to reduce the effect of changes in temperature upon its rate. 
They are quite large and are so constructed that they beat every 
% second. When kept aboard ship, chronometers are mounted on 
gimbals in a dust-and damp-proof case. By common usage, the term 
“chronometer” has also come to include the chronometer-watch or 
master watch, as it is designated in the Air Corps. 

c. Master watch.—The necessity for conserving space in aircraft and 
other considerations have led to development of master watches. 
A current Air Corps model, A-9, with case, is shown in figure 11. 





FIGURE 11.—Master watch, A-9. 


Besides being smaller than the ordinary ship’s chronometer, features 
to be noted are— 

(1) The 24-hour dial eliminates any confusion as to whether it is 
A. M. or P. M. at Greenwich. 

(2) The sweep second hand provides ease in reading seconds. 

(3) The stop feature permits watch to be set with zero error. 

(4) Watch is spring-suspended in a sponge rubber-lined case. A 
gimbal mounted chronometer is not suited for airplane installations 
because it must be kept caged during flight. The violent accelera- 
tions of the aircraft are likely to result in greater derangement to a 
chronometer free to swing in its gimbals than to a caged one. 
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d. Care of aircraft chronometers.—(1) In the preradio era when 
ships were out of contact with shore for many days, previous to sailing, 
the ship’s several chronometers were very carefully rated and checked, 
and on voyages corrections were made even for such things as not 
unusual changes in temperature. Notwithstanding the fact that the 
present day radio time signals now greatly facilitate keeping track 
of the chronometer’s rate, rules for care and rating of ship’s chronom- 
eters remain very strict, in order that the chronometer error may be 
kept to an absolute minimum. 

(2) Aircraft master watches are subjected to far greater deranging 
influences than ship’s chronometers, and therefore require at least 
comparable care. The aircraft chronometer may be and frequently 
is subject to an excessive amount of vibration, to motion that the 
surface craft’s instrument avoids by gimbals, to violent accelerations, 
to rather severe magnetic fields, and to extreme and rapid temperature 
changes. Such conditions act to the benefit of no time-keeping 
mechanism as a few experiments with a dollar watch will reveal 
quickly. If such a watch is tied to the end of a string and allowed to 
swing as a pendulum, if it is exposed to the field of a strong magnet, 
or if it is laid on a table and rotated back and forth, its time-keeping 
ability during such treatment will suffer tremendously, and the watch 
will perhaps receive permanent damage. It must always be remembered 
that the watch is expected to tick off 86,400 seconds per day and an 
instrument which misses only two or three ticks in 24 hours is as near 
perfect a mechanism as can be built into a small case. 

(3) Precautions to be observed relative to care of the master 
watch are— " 

(a) Keep in case and do not remove except for winding and setting. 

(6) Rigidly secure case to structure of the aircraft in a position 
where it will not be liable to knocks. 

(c) Wind and set watch at the same time or times, daily. A watch 
which nearly runs down in 24 hours should be wound twice daily. 

(qd) Keep a chronometer rate record as described in paragraph 28). 
A chronometer which varies at a constant rate however great it may be 
is more reliable than one whose rate is unpredictable. 

e. Hack watch.—(1) The greatest danger to which aircraft chro- 
nometers are subject is that of damage from falls and knocks. To 
avoid the hazards of such damage, the master watch is never taken 
from its case, a hack watch being carried for the purpose of timing 
observations. 

(2) A hack watch is simply a less expensive watch and hence 
usually a less accurate one than the master navigation watch. There 
are several types of hack watches currently issued by the Air Corps. 
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The latest types are of the wrist variety, have a sweep second hand, 
and a second-setting feature of one form or another (see fig. 12). For 
convenience, the pocket type hack watches are carried in the upper 
breast pocket suspended by a string around the neck to avoid danger 
of dropping. 

(a) If the watch is of the second-setting variety, it is set exactly 
with the master watch immediately prior to observing. When this is 





FiGURE 12.—Hack watch, A-11. 


done no correction need be applied to the hack watch reading to obtain 
the master watch time. The master watch time thus obtained 1s 
corrected if necessary to obtain the precise GCT of the observation. 

(6) If the hack watch is not of the second-setting variety, its error 
must be determined by comparison with the master watch before 
observation. In the procedure necessary to determine accurately the 
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hack watch error the master watch substitutes for the time tick. 
Looking at the second hand of the master watch a long count is made 
to get the cadence, the eye then being transferred to the hack watch. 
Tapping of the finger will aid in maintaining cadence. When the 
second hand of the hack watch reaches a convenient 5- or 10-second 
division, its seconds are written down as well as the count of the 
master watch seconds. The minutes and hours of both timepieces 
are then written in front of their respective seconds, care being taken 
that the correct minute is selected. The reason for working back- 
wards when comparing two timepieces is that all attention should be 
focused upon the count. When the comparative times are obtained, 
the hack watch time is subtracted (ALWAYS) from the corresponding 
master watch time, adding 24 hours to the master watch time, if 
necessary. Thus, the C—W (chronometer minus watch) factor is 
obtained. After an observation the hack watch time is added (AL- 
WAYS) to this factor, the master watch time obviously resulting. 
It will be noted that the hack watch factor is computed im such a 
manner that the hack watch time is always additive to obtain master 
watch time, whereas the master watch correction is applied with 
minus sign if the watch is fast and plus sign if slow to arrive at the 
correct GCT. 

(c) The recent types of hack watches keep excellent time, and if 
set to the time tick prior to take-off will usually remain accurate for 
the duration of the longest flight. With present day hack and master 
watches capable of being set with zero error, it is apparent that the 
hack watch-chronometer comparison during flight is a comparatively 
simple and quickly accomplished process. If both are set with zero 
error prior to flight, the precise GCT may be obtained directly from 
the hack watch provided its hands keep exact pace with the master 
watch. If the setting of the hack watch is not changed during the 
flight, the watch may be used to keep account of the dead reckoning 
with greater ease than if it is reset from time to time. If the hack 
watch is reset after leaving the point of departure it is wise to refer 
to the master watch to obtain the DR times throughout the mission. 

(d) The great advantage of the second-setting features on hack 
watches and master watches (all have hour and minute-setting 
features) is apparent from the foregoing discussion. When watches 
and chronometer-watches lack this feature, it is necessary to add 
the C—W factor to the hack watch time to give the master watch 
reading which in turn is corrected to get the Greenwich civil time. 
Even surface navigators, who have plenty of time to perform the 
computations, find the application of these corrections a source of 
frequent personal error. By setting the watches with zero error the 
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necessity for making any correction is eliminated, thus proving both 
a time saver and a means of avoiding the arithmetical hazards incident 
to applying the corrections. 

f. Sidereal time watch.—Prior to the publication of the Air Almanac 
a watch rated and set to Greenwich sidereal time was a valuable 
time saver, especially when using the Star Altitude Curves (sec. X). 
By carrying such a watch the laborious process of converting the 
GCT of star sight to GST could be eliminated. The Air Almanac 
makes it possible to find quickly and easily the corresponding GHA 
7 (GST in arc) for any instant of GCT, thus eliminating the need 
for the GST watch. Aside from the Air Almanac, the sidereal time 
converter (A—5 computer) also renders the sidereal watch unnecessary. 

g. Arc-reading watch —Watches graduated to enable the Greenwich 
hour angle to be read directly from the dial have been manufactured, 
although none are currently issued by the Air Corps. Lindbergh 


used one of these watches on his history-making flight across the . 


Atlantic. Travel of the apparent sun is considered uniform for 
short periods of time and the watch, rated to mean time, is set to 
read GHA @© for a corresponding instant of GCT. The setting of 
course will be exact for only one value of the equation of time and 
requires resetting if used for long periods; or the watch may be rated 
to keep pace with T and set to give the GHA 7 (in arc). Great 
care must be exercised when reading these watches, especially when 
time as well as arc graduations are included on the dials. Another 
objection to these watches is that they are usually graduated to read 
only to 180°, in which case the problem of whether or not to add 
180° to the indicated GHA © to obtain the correct westerly GHA @ 
always confronts the user. Since publication of the Air Almanac, 
these watches are seldom found in the navigator’s kit. 

$0. Conversion of time.— With the Air Almanac at his disposal, the 
navigator will seldom be required to convert an instant of time defined 
according to one system to the corresponding instant of some other 
system. When the older Nautical Almanac methods of locating the 
various heavenly bodies were practiced, conversion of civil time to 
apparent time was a necessary step before position of the true sun 
could be defined, and conversion of civil to sidereal time was necessary 
before a star’s position could be defined. The Nautical Almanac is 
arranged so that these conversions may be performed more precisely 
and in some cases with greater ease (fewer computations) than can 
be done by using the Air Almanac. However, the Nautical Almanac 
will probably cease to be a part of the air navigator’s kit; therefore, 
the methods of converting time described below use the quantities 
contained in the Air Almanac to accomplish these conversions. 
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a. Ciwil to apparent time.—(1) Method.—In paragraph 20 it was 
shown that GHA@=GAT+12". Transposing this equation, the 
formula GAT=GHA ©+12" may be set up. This equation is em- 
ployed when making the conversion. The method is— 

(a) If given civil time is local civil or zone time, determine corre- 
sponding GCT and date. | 

(6) From the Almanac extract GHA @® for the above instant of 
GCT and convert it to time by means of the arc to time table. 

(c) Add or subtract 12 hours whichever is convenient to the GHA ® 
(in time) to obtain GAT. 

(dq) This GAT may be converted to any LAT by correctly applying 
observer’s longitude. 

(2) Example.—Required, the local apparent time for an observer 
at 93° 25’ west longitude when the central standard time is 22" 36™ 28°, 
December 31, 1940. 








Central standard time (90° W).___ 22" 36™ 28°, Dec. 31, 1940 
Zone correction to obtain GCT___ +6° 00™ 00° 
COs nettos tc ecewee ein ce 45 36™ 28°, Jan. 1, 1941 
GHA @® (in arc) for 4" 30" GOT, Jan. 1 
(from Air Almanac). _________________- 246° 38’ 
Interpolation for 6" 28°__________._-___-- 01° 37’ 
GHA @ in arc at 4° 36" 28° GCT________- 248° 15’ 
GHA © in time (from time-arc 
171 6) (ene ae 16°" 33™ 00° 
— 12" 00™ 00° 
GIT iets eb deca medie deur 4" 33™ 00°, Jan. 1, 1941 
GAT est 4> 33™ 00°, Jan. 1, or 28° 33™ 00°, Dec. 31, 1940 
Observer’s longitude (93° 25’ W) 
expressed in time_______---_-- —6> 13™ 40° 
LAT at 93° 25’ W_________- 22" 19™ 20°, Dec. 31, 1940 


b. Apparent to civil time.—(1) Method.—To convert an instant of 
apparent time to civil time the reverse of the foregoing procedure is 
indicated. However, the reverse procedure is not so readily accom- 
plished due to arrangement of the Almanac. The method is— 

(a) If the given apparent time is local time determine the corre- 
sponding GAT and date. 

(b) Add or subtract 12 hours to GAT to determine GHA @® (in 
time). Convert GHA @© to arc. 

(c) Enter the GHA © column of the Almanac for the proper date 
and find the value of GHA © which is closest to but less than the 
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GHA @ determined above. Make a note of the GCT opposite this 
value of GHA @. 

(d) Find the difference in arc between the exact GHA @® and the 
next lower value of GHA © as tabulated on the daily sheet. Convert 
this difference to time by using the time-arc table. (The interpolation 
for GHA @ table could be used for making this conversion were it 
not for the fact that if entered with the odd degrees and minutes of arc, 
the value extracted may be in error by as much as 4 seconds of time.) 

(e) Add this difference to the value of GCT obtained in (c) above. 
This will be the exact GCT. 

(f) The GCT may be converted to LCT by properly applying the 
observer’s longitude (in time), or to any zone time by applying the 
longitude (in time) of the standard meridian. 

(2) Example.—Required, the instant of GCT when the apparent 

sun transits the meridian of an observer at 93° 25’ W. longitude, local 
date January 1, 1941. (Solution hint: The sun will transit the 
observer’s meridian at local apparent noon.) — 


| OF, (eens eee ie Basis 12" 00™ 00°, Jan. 1, 1941. 
Longitude (93° 25’ W) expressed in 
time________________________:+ 6" 13™ 40° 
GAT. ___________-__ eee 18° 13™ 40°, Jan. 1, 1941. 
Subtract 12° to find GHA @® in 
CIN 42.04 Se S lato d to See — 125 00™ 00° 
GHA @ in time_________________- 6" 13™ 40° 
GHA @® in arc (from time-arc 
table)... .-_. __..__________L_- 93° 25’ 
GHA © at 18" 10" GCT Jan. 1____- 91° 34’ 
Difference.__.______._______---- 1° §1’ 
1° 51’ expressed in time (from 
time-are table)__ ___.________- 07™ 245 
GCT corresponding to GHA ® 
1 Racal: (a 18° 10™ 00° add 


GCT of transit at 93° 14’ W___ 18° 17" 24°, Jan. 1, 1941. 


c. Equation of time.—In paragraph 22 it was explained that the 
equation of time is the difference between apparent and mean time 
and that it 1s always given such algebraic sign that when added to 
mean time the true solar time is obtained. 

(1) The equation of time for any given instant of GCT may be 
found by computing the GAT by the method explained in a above and 
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taking the difference between the given GCT and the computed GAT. 
In the example contained in a(2) the GCT is 4" 36™ 28°, January 1, 
1941, and the computed GAT is 4° 33™ 00°, January, 1, 1941, The 
equation of time is —3™ 28°. 

(2) To find the equation of time for any given instant of GAT, the 
corresponding GCT must be computed as described in 6} above. 
Once the GCT has been determined it is compared with the given GAT 
in the same manner as described in (1) above. In the example con- 
tained in 6(2) above the given GAT is 18° 13™ 40°, January 1, 1941, 
and the computed GCT is 18° 17™ 24°, same date. The equation of 
timo is —3™ 44°. 

d. Civil to sidereal time.—(1) Method.—Sidereal time is the hour 
angle of T expressed in units of time. Since the Air Almanac tabulates 
the GHA fT for intervals of GCT throughout the day, the procedure 
for finding the sidereal time corresponding to any instant of civil time 
isasimpleone. The method is— 

(a) If given civil time 1s LOT or zone time, determine the corre- 
sponding GCT and date. 

(6) From the Almanac extract the GHA 1 (in arc) for the above in- 
stant of GCT. 

(c) Convert GHA f (in arc) to time units by use of the time-arc 
table. This will be the GST. 

(d) If the LST of the observer’s meridian is required, the westerly 
LHA 7 should be found by applying the observer’s longitude to GHA 
7 (step (6) above) before making any conversion to time units. This 
eliminates the necessity for making more than one arc-to- a con- 
version. 

(2) Example.—Required, the LST for an observer in longitude 77° 
20’ W when the eastern standard time is 18° 34™ 15°, January 1, 1941. 

Standard time (75° W) ° _ 185 34™ 15%, Jan. 1, 1941. 
Zone correction to obtain GCT__._+ 5° 00" 005 





GOT so) oiextcdeckecdeieesed 23° 34™ 15°, Jan. 1, 1941. 


GHA r (in arc) for 23° 30™ (from 
daily sheet)_.__ ....._._.-_---- 93° 43° 


GHA 7 interpolation of 47 15°__..+01° 04’ 





GHA ? (in arc) at 23" 34™ 15° 


OOP eis eshe oh eee eS 94° 47’ 
Observer’s longitude (W)-_______- —77° 20’ 
Westerly LHA 1 (in arc), that is 

LST inarc.. _- Se rm 6 ce - ( 


Required LST (in time). -_.... O01" 09™ 485 
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e. Sidereal to civil—(1) Method.—To convert an instant of sidereal 
time to civil time the reverse of the foregoing procedure is indicated 
The Greenwich civil date must be known in order to select the proper 
daily sheet of the Almanac. The reverse procedure is not so readily 
accomplished due to the arrangement of the Almanac. The method 
is 

(a) If the given sidereal time is LST determine GST by applying 
observer’s longitude in time. 

(6) Convert GST to arc to obtain GHA Tf. | 

(c) Enter GHA 7 column of the Almanac for proper Greenwich 
cil date and extract value of GHA 1 which is closest to but less 
than GHA 7 determined above. Make a note of GCT opposite this 
value of GHA rr. 

(dq) Find the difference in arc between exact GHA 7 and next 
lower value of GHA 7 as tabulated on the daily sheet. Convert this 
difference to time by using the time-arc table. 

(e) Add this difference to the value of GCT noted in (c) above. 
This will be the required GCT. 

(f) The LCT or zone time corresponding to the computed GCT may 
be found by properly applying the longitude (in time) of the meridian 
under consideration. 

(2) Example.—Required, the GCT when the GST is 05° 16™ 20° and 
the Greenwich civil date is January 1, 1941. 





OO ise tee tee ee eee -- 05° 16™ 20° 
GHA ? (from arc-time table)__.._______-- 79° 05’ 
GHA 7 at 22" 30" GCT Jan. 1, 1941 (from 

daily sheet)___.____-..-_..------.--_-- 78° 41’ 
Diflerenee@2csocss dhe bdcigetotadeacss 00° 24’ 
00° 24’ expressed in time (from time-arc 

CRD) se os ele ore 01™ 36° 
GCT corresponding to GHA 7 of 78°41’_._ 22" 30™ 00° 

OO hh ee ee es 22" 31™ 36°, Jan. 
1, 1941. 


(3) There is a short interval every day when, if converting from 
sidereal to civil time, two values of GCT may be found. Such an 
occasion would occur if the given GST on January 1, 1941, were, for 
example, 06° 44™. This is the same as GHA T =101°00’. Im the 
Almanac it will be seen that the next lower value of GHA 7 will 
occur at two places; that is, at 0° 007 GCT (GHA Tr =100°15’) and 
at 23" 50" GCT (GHA 7 = 98°44’). The question arises as to which 
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one of the two GHA ‘v’s to use, that for 0° GCT or for 23" 50" GCT. 
A knowledge of the approximate GCT will show which value is to be 
taken. 

jf. Accuracy.—A slight error is introduced when using the foregoing 
methods to convert civil to sidereal time and the reverse due to fact 
that the rates of travel of the mean sun and of the vernal equinox are 
assumed to be the same during the odd minutes and seconds interval. 
The maximum error due to this assumption is 1.6 seconds. The 
results are sufficiently precise for air navigation requirements. 


—— 





FIGURE 13.—Time conversion computer, A-5. 


31. Time conversion computer, A-5 (fig. 13).—a. Use.—(1) 
General.—The time conversion computer, A-—5, is a menuany operated 
mechanical device by which— 

(a) GCT may be converted to GST and the reverse. 

(6) LST of any meridian may be found from GCT and longitude 
of the meridian under consideration. 

(c) Longitude may be found if the GST and LST are known. 

(2) Longitude in time may be converted to arc and the reverse. 

(e) Correction to be applied to an observed altitude of Polaris to 
find latitude may be obtained. This correction is identical with that 
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obtained by using the table on the flap of the Air Almanac as described 
in section IX. | 

(2) Star Altitude Curves—(a) The A-5 computer was developed 
primarily to facilitate rapid determination of position when the Star 
Altitude Curves are being used as the method of converting observa- 
tions. The description and use of these curves are contained in section 
X. At this time it suffices to state that when using the curves the 
observer determines longitude in the following manner: 

1. LST of the observation is read directly from the curves. 

2. GST of the instant of observation must be obtained either 
by using a GST watch or by converting GCT to GST if a 
civil time watch has been used. 

8. GST and LST of the instant of observation are then com- 
bined (as indicated by a time diagram) to obtain the 
observer’s longitude in units of time. This quantity must 
then be converted to arc. 

(6) The A—5 computer eliminates the necessity for carrying a GST 
watch because it readily converts GCT and GST. Furthermore, it 
obtains longitude in arc from a knowledge of GST and LST. The 
instrument thus permits longitude to be found from the star altitude 
curves without any artithmetical computations whatsoever. In 
addition to these advantages, it enables the navigator to determine 
quickly what stars to observe and what pages of the star curves to use. 
When using the star curves, the navigator is limited in his observations 
to a choice of three particular stars whose position circles are plotted © 
in the books. The same three stars are not retained throughout the 
book but vary with and are tabulated according to LST. From a 
knowledge of approximate longitude and the GCT, the sidereal time 
converter quickly gives the navigator his approximate LST, thus 
facilitating proper selection of stars and pages of the curves. 

(3) Prior to publication of the Air Almanac, a greater need existed 
for the A-5 computer than at present. Many of the former errors in 
longitude determination could be traced to faulty arithmetic either in 
converting GCT to GST or in converting longitude in time to arc. 
These errors are no longer so common because a simple change in 
graduating the abscissa of the curves permits longitude to be found 
by using GHA T as extracted from the Air Almanac and one subtrac- 
tion. This is described in section X. 

b. Operation.—(1) General—Turning the left hand crank of the 
instrument drives the civil and sidereal time counters in the true 
sidereal time ratio and automatically adjusts the polaris correction. 
Turning the right hand crank of the instrument drives the longitude 
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counter measuring both east and west longitude as indicated on the 
shutter, and also automatically adjusts the polaris correction. Turn- 
ing either crank changes the reading of the sidereal time counter. 

(2) To obtain GST from GCT.—(a) Set in proper Greenwich date. 

(5) Using left hand crank, set in GCT. The time counters are 
capable of passing through the 0 (or 24) hour position and if the 0 
hour (or 24 hour) position of the GCT counter is passed through the 
date will change. The proper date may be reset independently of the 
time mechanism by means of the date-setting ring on the side of the 
computer (not shown in the figure). 

(c) Using right hand crank, set longitude at 0° 00’. 

(2) Read GST from sidereal time counter. 

(3) To obtain LST of any meridian from longitude and GCT.—(a) 
Set in proper Greenwich date. 

(6) Using left hand crank, set in GCT. 

(c) Using right hand crank, set in longitude. The longitude counter 
operates from 0° to 180° and conspicuously indicates whether the 
longitude is east or west. 

(2d) Read LST from sidereal time counter. 

(4) To obtain longitude from GCT and LST.—(a) Set Greenwich 
date. 

(6) Using left hand crank, set in GCT. 

(c) Using right hand crank, set the LST on sidereal time counter. 

(d) Read longitude from longitude counter. 

(5) To convert longitude in time to longitude in arc.—(a) Using 
right hand crank, set longitude at 0° 00’. 

(6) Using left hand crank, set sidereal time counter at 0° 00". 


Nore.—The reading of the GCT counter is immaterial to this process. 


(c) Using right hand crank, set sidereal time counter to read long- 
itude in time. 

(d) From longitude counter read longitude in arc. 

(6) Reverse procedure.—Obviously, all above procedures are reversed 
if given and required quantities are reversed. 

(7) Precautions.—(a) The counters should not be driven at exces- 
sive speeds. This is especially true when making the change from east 
to west on the longitude counter. There is a high torque load required 
at this point and excessive drive speeds may impair the performance. 

(6) The crank knobs contain overload slip clutches having a preset 
torque value. If for any reason that amount of torque load will not 
drive the machine, then rotate the other knob a slight amount in 
either direction until it is possible to drive unoug) on the crank 
which was originally locked. 
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c. Adjustment.—(1) Month indicator.—As the month indicator is 
not automatically driven, a monthly resetting of the time counters is 
required. This adjustment is described in Air Corps Technical Order 

- 05-35—-6. One of the steps required in making this adjustment requires 
that the GST corresponding to any selected instant of GCT be found 
and the method described in the above technical order refers to the 
Nautical Almanac method of finding GST. The method prescribed 
in this section for performing this computation with the Air Almanac 
may be used in lieu of that contained in the Nautical Almanac. 

(2) Polaris correction vndicator—See Air Corps Technical Order 
05-35-6. 

d. Lubrication.—See Air Corps Technical Order 05-35-6. 

82. Sunrise, sunset, beginning and ending of civil twilight, 
moonrise, and moonset.—a. Tables for finding the times of sunrise, 
sunset, beginning and ending of civil twilight, moonrise, and moonset 
for latitudes between 60° S. and 60° N. are given on the P. M. side of 
the daily sheets of the Air Almanac. Use of these tables is fully 
described in the explanatory pages contained in the back of the Air 
Almanac. It is essential that the navigator be familiar with the manner 
of obtaining the above quantities. 

b. It should be borne in mind constantly that the times obtained 
from the above tables are local cil times and the standard and 
Greenwich times of these occurrences are found only by correctly 
applying the observer’s longitude to extracted values. 


SECTION V 


BASIC PRINCIPLES OF CELESTIAL NAVIGATION 


Paragraph 
PP ENTICH OG ate ere es ee see a lc 33 
Determining zenith distance and altitude_____.__.__...-.-_..-._.--__._- 34 
Circles of equal altitude____-_-_.---_--.-__----------------_----------- ee 35 
Observer’s circle of position.___._______..-.------------------------- ee 36 
AMMUt ete 6 ee Bee eee sete see ee ee ee See ede es ees 37 
Fix by position circle__.._----.---- Pea als staat ee Rk ane Sa a eee oR ae 38 
DING OF POSINION 22 23 oo Be elie eee Case Ste ee ee oe ee 39 
Astronomical trian@le. 22 fees lk gee ee eee ete ee ee eee ee 40 
Comparing computed and observed altitudes._-..-.-----.---.---.---.---- 41 
Plotting line-of position: 2.055 2osce2<n dn Deu ca doud ose eeu sceeh ees eeuc 42 
Summary of procedure to determine a line of position.._....._......-.-_- 43 
Selection of assumed position. _.__._......----.---.------------------- 44 


33. Principle.—a. Celestial navigation is based upon the principle 
that if the altitude of a heavenly body is known, the observer’s distance 
from geographical position of the body for the instant of observation 
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is known. Therefore the work of the navigator in celestial navigation 
consists in finding his position by locating himself with reference to 
the geographical position of one or more celestial bodies. The 
observer determines his distance from the geographical positions by 
observations with a sextant. The geographical position of the body 
is located by entering the almanac with the correct Greenwich civil 
time. This geographical position may be plotted upon a globe and a 
circle circumscribed, using as a radius the observer’s distance from 
the geographical position. The observer is somewhere on this circle, 
known as a circle of position. If two geographical positions are 
determined for the same instant of time and the observer’s distance 
from each is known, two circles of position may be drawn on the 
globe. Since the observer is on both circles he must be at one of 
their two points of intersection. 

6. Unfortunately, it is impractical to carry a globe or a chart of 
sufficient accuracy upon which geographical positions may be plotted 
and position circles circumscribed. This is apparent when it is 
realized that the radius of a position circle may be as much as 5,400 
miles. It is necessary therefore to obtain the needed portion of a 
circle of position by some other method. This is accomplished by 
employing the astronomical triangle in a manner described in para- 
graph 40. 

34. Determining zenith distance and altitude (figs. 14 and 
15).—a. It has been stated that all celestial bodies, the moon excepted, 
are considered to be at an infinite distance from the earth. Conse- 
quently a particular body appears situated in the same position with 
respect to others regardless of the location on the earth from which 
it is observed. This is another way of stating that light from any 
heavenly body reaches the earth in parallel rays, an important fact. 

6. Figure 14 illustrates the principle involved in an observer’s 
determination of his distance from the geographical position of a 
body. The rays of light from a star falling to the geographical posi- 
tion (substellar point) and to the observer are parallel. Angle D 
must always equal angle D’ because two sides of these two angles 
are always parallel, and the other two sides are formed by the zenith 
line which is common to both. Therefore the observer’s angular 
distance from S is equal to the angular distance of the body from 
his zenith, which is called, by definition, the body’s zenith distance. 
To express the angular measure of zenith distance in linear measure, 
the nautical mile is used. The nautical mile is 1 minute of great 
circle arc on the earth’s surface, and since the zenith distance is a 
portion of a great circle, it may be expressed in nautical miles. 
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FIGURE 14.- -Zenith distance diagram. 
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FIGURE 15.—Altitude equals 90° minus zenith distance. 
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Therefore if angles D’ and D are 40°, the observer’s distance from S is 
40 60=2,400 nautical miles. 

c. In practice, the zenith distance D or D’ is not measured but its 
complement, the altitude angle, is measured. Zenith distance is deter- 
mined by substituting the measured altitude in the equation, zenith 
distance=90°— altitude. Figure 15 shows the relationship between 
altitude and zenith distance. If the altitude angle H in figure 15 
is 50°, the zenith distance is 90°—50°, or 40°, which expressed in 
nautical miles is 2,400 miles. The explanation of why the sextant 
measures altitude instead of zenith distance lies in the fact that the 
early instrument makers quite logically designed their instruments 
to measure altitude because the instruments had to be leveled on the 
visible horizon, there being no definite point which marks the 
observer’s zenith. For uniformity of practice, artificial horizon 
instruments were built to measure the same coordinate, though the 
gravity-operated mechanisms of these instruments indicate the verti- 
cal (the observer’s zenith) as well as the horizontal. 

35. Circles of equal altitude.—a. Though no visible star exactly 
marks the position of the north celestial pole (Polaris is approxi- 
mately 1° removed), assume for the present that one does occupy a 
position exactly at the celestial] pole. To an observer at the north 
terrestrial pole, its altitude would be 90°, that is, it would be exactly 
overhead. If the observer moves southward for a distance of 10° 
or 600 nautical miles to latitude 80°, the altitude of the star is found 
to be 80°; from any point on this parallel, whether toward Asia or 
North America, the altitude is the same. The 80th parallel may 
therefore be called a circle of position, and all points at which the 
altitude of the star is 80° must be located somewhere on that circle 
and nowhere else. Similarly, from any point in latitude 30°, when 
the observer is 60° or 3,600 nautical miles from the north pole, the 
altitude is 30° and the 30th parallel is another circle of position, and 
so on until at the equator when the observer is 90° or 5,400 miles 
from the pole, the altitude of the star is 0°, and the equator becomes 
the farthest circle from which the star is visible. 

b. If the motions of the universe are conceived to be “‘stopped”’ at 
any instant, an observer at the geographical position of any star will 
read its altitude as 90°. If he moves 10° or 600 nautical miles in 
any direction along one of the infinite number of great circles radiating 
from the GP, he will read the star’s altitude as 80° and will be some- 
where on a small circle of which the center is the GP and the radius 
is 600 miles. If he continues in the same direction along the great 
circle radius until he has traveled 90° or 5,400 miles from the GP, he 
will read the star’s altitude as 0° and he will be somewhere on a great 
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circle drawn with the GP as a center and radius equal to 5,400 miles. 
From the foregoing the following principles are evolved: 

(1) The GP of any star is the center of a system of concentric circles 
of position. These circles are small circles with one exception, that one 
being a great circle 90° from the GP. 

(2) From every point on any given circle, the altitude of the star 
is the same. Hence, the term, “circle of equal altitude.” 

(3) Considering the universe to be “stopped,” if the observer 
moves along any great circle away from the GP there is a decrease 
in the altitude of the star proportional to the distance moved. If 
he moves away from the GP a distance equal to 1 nautical mile the 
altitude decreases 1’, etc. 

(4) In each instance the radius of the circle of position (zenith dis- 
tance), is an arc of a great circle and is equal to 90° minus the observed 
altitude. 

$86. Observer’s circle of position (fig. 16).—It is apparent from 
the foregoing that if the altitude of any visible heavenly body is 
observed and the GP of that body located on the earth for the instant 
of observation, a position circle can be drawn on the globe and that 






Osseanvers 
PoSITION 


Fiaurx 16.— Position circle. 


the observer is somewhere on that circle. The zenith distance of the 
body found from its altitude is used as a radius and the circle is swung 
from the GP of the body asacenter. Figure 16 shows a position circle 
drawn on the globe using the known GP and a zenith distance found 
from a measured altitude. S is the body’s GP and Z the position of 
the observer. ° 

37. Azimuth.—a. In figure 16 notice the angle A at the observer’s 
position included between the observer’s meridian and the radius of 
the position circle. This is the azimuth of the observed body, for the 
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radius ZS is an arc of a vertical circle passing through Z and S and 
by definition, the azimuth of any star is the angle at the zenith between 
the meridian of the observer and the vertical circle through the star. 
In other words, it is the bearing of the body measured clockwise from 
the north point on the observer’s horizon. 

b. If the observer in figure 16 were to draw a line from the substellar 
point (the location of which he already knows) in the opposite direction 
to the bearing (azimuth) of the star from his position, this line would 
cut the circle of position at the point where the observer is standing, 
thus establishing a ‘‘fix.” He therefore would know his position 
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FieurRr 17.— Difference in azimuth of body with respect to two observer: on same position circle. 


accurately with a single observation. Figure 17 shows a position 
circle drawn from a measured altitude and known GP. The azimuth 
angles, A and A’, at two points on the circle are indicated, and it 
should be carefully noted that these angles differ in magnitude. 
From this it may be seen that the azimuth angle an observer meas- 
ures changes as he travels around the position circle. Consequently 
if the observer measured the azimuth at the same time that he ob- 
served for altitude, a point on the position circle could be found at 
which the radius makes with the meridian at that point an angle 
equalling the measured azimuth. Theoretically, this is quite correct 
but it is not practical for the reason that the azimuth cannot be 
measured to the degree of accuracy required to warrant such a 
procedure. 

c. Inaccuracy of measured azimuths.—(1) The poor accuracy of a 
fix determined by measured azimuth may be shown by an analogy to 
terrestrial bearings. Figure 18 gives such a comparison. From some 
position A of an airplane in flight the true bearing of a prominent 
object B is measured and is found to be 60°. The bearing line is 
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plotted on the chart from point B using the reciprocal of the bearing. 
This bearing line is a line of position upon which the airplane is. 
Suppose the navigator in flight measures the bearing of point B as 60° 
but that his measurement is 1° in error, the actual bearing of point B 
from his position being 59°. The navigator plots line AB and be- 
lieves himself situated on the line. However, due to erroneous bear- 
ing measurement he is actually on the dotted line. If the navigator’s 





FIGURE 18.—Effect of error in measured azimuth. 


approximate distance from B is 60 miles, the error is 1 mile; if he is 120 
miles from B, the error is 2 miles, etc. 

(2) Much the same situation exists in the case of celestial bearings, 
or azimuths, except that the navigator’s position instead of being 
only 60 miles distant from B (the geographical position), is usually 
several thousand miles removed. It is quite evident then that the 
error in position resulting from an azimuth measurement 1° in error 
is of considerable magnitude. For example, if the zenith distance is 
60° or 3,600 miles, a 1° error in measured azimuth would indicate 
the observer to be on the position circle at a point 60 miles from his 
true position. The present means of measuring azimuth from air- 
craft are crude and an azimuth measurement accurate to within 1° 
is the exception rather than the rule. It may be scen that if this 
method of determining the exact position of the observer on the 
position circle was practical it would be advantageous to sight on a 
body of high altitude, that is, one near the zenith, for by so doing the 
length of the zenith distance line would be relatively short and the 
resultant effect of a 1° error in measured azimuth would be less than 
if a body of lower altitude was observed. Unfortunately, if the 
pelorus is not level, the error in measured azimuth of a body high in 
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the heavens is greater than that on a body low in the sky. This 
more than offsets any advantage gained in observing on a body which 
is near the zenith. 

38. Fix by position circle (fig. 19).—a. Consideration of the fore- 
going precludes practicability of finding the exact position of the 
observer from measured altitude and measured azimuth. Hence the 
measured altitude of a single body will not give a definite fix; it will only 
tell the navigator that he is on a certain position circle. However, if at 
the same time and place the altitudes of two bodies are observed, two 
circles of position are determined; since the observer is on both circles, 
he must be at a point where the two intersect. This is illustrated in 
figure 19. It will be noted that there are two points of intersection. 





Ficure 19.-—Fix established by two intersecting position circles. 


However, this is not confusing, for the two points are usually so far 
apart that the dead reckoning will tell the navigator at which inter- 
section he is situated. 

6. Thus if a globe of suitable scale could be carried the practice of 
celestial position finding would consist of measuring the altitudes of 
one or two bodies (two if available), of locating the geographical 
positions for the instant of observation, and of drawing the one or 
more position circles. Though only one position circle does not locate 
an observer on the earth, the information it furnishes is quite useful 
and valuable as will be seen in later paragraphs. However, inter- 
secting position circles definitely locate the observer on the surface of 
the earth, since the DR can always be relied upon to tell the observer 
at which of the two intersections he is situated. 

39. Line of position.—The scale of the maps and charts the 
navigator employs is such as to eliminate possibility of swinging 
position circles directly from the geographical position of a body. 
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Further, circles on the globe will not be circles on the chart projections 
the navigator normally employs because of the distortion resulting 
from representing the earth’s spherical surface on a plane. Con- 
sequently, no attempt is made to draw on a map or chart that curve 
which would faithfully represent a position circle. As the radius of 
a position circle is usually large, the small, slightly curved arc in 
which the navigator is interested may be replaced by a straight line 
without appreciable error. Inspection of a Department of Commerce 
sectional map which is constructed on the Lambert conformal pro- 
jection will show that the parallels of latitude form a system of con- 
centric circles, and these circles would be position circles of a star 
located at the north celestial pole. It is apparent that for short dis- 
tances a latitude circle could be represented by a straight line without 
great error. Similarly, a short portion of any position circle may be 
represented by a straight line and the farther the position circle is from 
the geographical position of the celestial body, the more nearly will 
- the line approximate the arc of the circle. When the straight line 
represents that portion of the observer’s position circle in which he is 
interested, it is known as his line of position (LOP). To assure him- 
self that the straight line may be substituted for the position circle 
without appreciable error he observes on bodies which are not too 
high in the heavens, roughly not over 60° or 70°. The higher the 
altitude of the body, the smaller will be the radius of the position 
circle; when the radius is short the curvature of the position circle is 
very pronounced and any section of its circumference will deviate 
appreciably from a straight line. In orienting his line of position, the 
navigator is forced to use the devious process which follows. 

40. Astronomical triangle (fig. 20).—a. Construction.—lIn order 
for the navigator to plot his position line on the chart, he must now 
select an assumed position, either the DR position or one near it, 
and compute the exact azimuth and altitude at which the observed 
body appeared from the assumed position at the instant of observa- 
tion. (Selection of the assumed position is described in detail in 
paragraph 44.) This computation involves the solution of the astro- 
nomical triangle. Figure 20 shows the geographical position of a star 
S, the assumed position Z, and the great circle arc connecting them. 
The length of the great circle arc joining Z and S equals the zenith dis- 
tance. The azimuth angle is indicated. It must be remembered that 
the great circle arc connecting the assumed and geographical positions 
in figure 20 is the radius of a position circle which contains the assumed 
position, though this circle has not been drawn in the figure. If the 
meridians or hour circles are now drawn to connect the assumed and 
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the geographical positions with the pole, a spherical triangle is formed. 
This triangle PZS is known as the astronomical triangle. 

b. Solution.—It may be proved by spherical trigonometry that if 
any three parts of a spherical triangle are known (whether sides or 
angles), the remaining three parts may be computed. | 

(1) The knowns are— 

(a) Side PZ which is the colatitude of the assumed position and is 
equal to 90° minus the latitude of the assumed position. 

(b) Side PS which is the polar distance of the body and is equal to 
90° minus the declination. The declination is known from the Air 





FIGURE 20.—- Astronomical] triangle. 


Almanac. (If the star were south of the equaior the side PS would 
equal 90° + declination.) 

(c) Local hour angle (LHA) which is the angular difference between 
the assumed longitude and the meridian or hour circle of the body. 
This quantity is known by combining the Greenwich hour angle 
(GHA) or the body at the instant of observation as extracted from 
the Air Almanac, and the assumed longitude. 

(2) The two unknowns which are computed from the three foregoing 
knowns are— 

(2) Azimuth of the star from the assumed position. This is the 
angle PZS. 

(6) Side SZ which is the zenith distance or the radius of the position 
circle through the assumed position. 

(3) Actual solution is made by using special tables or a computer. 
In order to save as much time as possible tables used in solving the 
triangle are so arranged that they may be entered directly with the 
declination of the star and the latitude of the assumed position 
(instead of 90° minus these quantities as might be supposed from the 
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foregoing explanation); also, the computed altitude is obtained 
directly instead. of the zenith distance SZ. The various tabular 
solutions of the astronomical triangle are described in detail in sec- 
tion VI. 

c. Familiarization uith astronomical triangle.—It is important that 
the navigator be thoroughly familiar with the astronomical triangle. 
Regardless of the body observed or its position in the sky the triangle 
is always constructed in the same manner, that is, by connecting the 
assumed position, the geographical position, and the pole by great 
circle arcs. The pole used in the construction of the triangle must 
be that pole which has the same name as the latitude of the assumed 
position. At first the navigator may be confused as to how to apply 
the latitude and the declination in order to find the two sides PZ 
and PS, respectively, especially when the elevated pole is the south 
pole. The answer to this is that the careful navigator will draw a 
diagram of the astronomical triangle in addition to the time diagram 
whenever a solution is required. By so doing the correct angular 
measure of the above quantities is immediately apparent. Figure 21 
shows three unrelated astronomical triangles typical of those which 
the navigator may be called upon to solve. The way in which the 
aforementioned quantities are found in each triangle should be care- 
fully noted. 

41. Comparing computed and observed altitudes.—The alti- 
tude obtained from solving the astronomical triangle is that at which 
the observed body appeared from the assumed position at the instant 
of observation. If with his sextant the observer has measured a 
different altitude than the computed one, he immediately knows that 

_he was not on the position circle that contained the assumed position 
at the instant of observation. Instead he was on a smaller or larger 
concentric circle. The distance in nautical miles separating these 
concentric circles, the assumed and the observer’s, is the difference of 
their radii, or the difference of their zenith distances. However, the 
difference of the zenith distances of two circles always equals their 
difference of altitude. Therefore when an observer compares the 
observed and computed altitudes, he at once knows how far his position 
circle was removed from the one which contained the assumed position. 
This difference is known as the intercept or intercept distance. The 
rule for determining whether the observer’s position circle is ‘“‘inside”’ 
or “outside” the circle through the assumed position is given in the 
following paragraph. 

42. Plotting line of position.—a. It has been shown how straight 
lines may be substituted on the chart for slightly curved portions of 
the position circle. The circumference of a circle is perpendicular to 
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a radius at the point where the two intersect. Hence, the straight 
line representing the position circle through the assumed position 
must be perpendicular to the radius which passes through the assumed 
position; in other words, it must be at right angles to the true bearing 
or azimuth of the heavenly body from the assumed position. There- 
fore, the straight line representing the position circle of the assumed 
position may be placed on the chart by drawing the azimuth line 
through the assumed position and then constructing the perpendicular 
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FIQurReE 22.— Plotting line of position. 


to this azimuth line at the assumed position. This construction is 
shown in figure 22. 

b. The location of the assumed position has been selected reasonably 
close to the observer’s actual position. Therefore, the azimuth or 
bearing of a geographical position several thousand miles distant 
from the assumed position and from the observer’s actual position 
will be so nearly the same that for all intents and purposes the two 
azimuth lines may be considered as parallel. It follows that the line 
of position of the observer will be perpendicular to the computed 
azimuth just as the line of position through the assumed position is 
perpendicular thereto. 

c. (1) The exact point on the computed azimuth line at which to 
draw the perpendicular representing the observer’s LOP is determined 
by the intercept. The difference in minutes of arc between the 
observed and computed altitudes is the number of nautical miles 
separating the line of position through the assumed and the observer’s 
position. This length in nautical miles is set off from the assumed 
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position according to the following rule: Jf the observed altitude is 
greater than the computed altitude, the aircraft was toward the body 
from the assumed position and the intercept 18 therefore laid off toward 
the star; if the observed altitude was less, the aircraft was farther away 
from the star than the assumed position and the intercept 18 laid off 
away from the body. Figure 22 illustrates a case in which the observed 
altitude was greater than the computed altitude. 

(2) The direction in which a position line must be moved toward 
or away from the observed body may be shown by what is commonly 
termed the flagpole analogy as illustrated in figure 23. Standing in 





Vertical angle H is greater than H’, therefore circle A is closer to base of pole than circle B. 
FIGURE 23.—Flagpole analogy. 


an arbitrary position near the flagpole, as on circle B, the top of the 
pole appears at a vertical angle, or altitude H’. Let this angle repre- 
sent the computed altitude. If the observer takes up a new position 
and finds that the vertical angle H to the top of the pole is greater 
than it was originally, he obviously has moved closer to the base of 
the pole. If the new vertical angle proves less, he bas moved away. 
The same applies to the altitude of the heavenly bodies. 

d. Referring to figure 22, it is obvious that the position line through 
the assumed position need not have been drawn since the navigator 
has no particular need for it. 

e. As soon as an LOP is drawn on the chart, time of observa- 
tion and the name or symbol of the body observed should be written 
along it to avoid confusing it with other lines drawn on the chart. 

43. Summary of procedure to determine a line of position.— 
From consideration of the information contained in the preceding 
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paragraphs, it is apparent that the navigator must take the following 
principal steps in determining a celestial line of position: 

a. Select a known heavenly body and measure its altitude. 

b. Note the exact time of observation. 

c. Select an assumed position and compute exact azimuth and 
altitude at which observed body appeared from assumed position at 
instant of observation. 

d. Compare computed and observed altitudes to obtain altitude 
difference (intercept). 

e. On chart through the assumed position draw computed azimuth 
line. 

f. Find that point on the azimuth line which is distant from assumed 
position a length equal to the intercept. This point is located toward 
the body from assumed position if observed altitude is greater 
than computed altitude; away from assumed position if observed 
altitude is less than the computed. 

g. Through this point draw line of position at right angles to com- 
puted azimuth line. 

44. Selection of assumed position.—Hereinbefore little has 
been said about selection of assumed position other than that it 
should be the dead reckoning position or one near it. The purpose of 
this paragraph is to explain the effect of the assumed position upon the 
resulting line of position. 

a. In general, it may be stated that selection of an assumed position 
which is not over 100 nautical miles from the actual position of the air- 
craft will not cause appreciable error in the line of position. Since 
the alert navigator will have long since made recourse to radio or 
celestial aids to check the DR position before the error in the air- 
craft’s position reaches 100-mile proportions, the, navigator may 
choose the DR position or one near it as the assumed position, and the 
resulting line of position will be well within the limits of desired 
accuracy. The foregoing statement is not meant to imply that the 
selection of an assumed position which is over 100 miles from the actual 
position of the navigator renders the line of position useless. Far 
from it. It simply means that to attain satisfactory accuracy, a 
second line of position may have to be worked immediately, based on 
information gained from the first. 

b. The magnitude of the error in the line of position resulting 
from selecting an assumed position which is not coincident with the 
observer’s actual position depends upon the relationship existing 
between the observer’s actual position, assumed position, and geo- 
graphical position of the observed body. If it so happens that the 
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assumed position, actual position of observer, and geographical position 
of the body lie in a more or less straight-line, the assumed position may 
be several hundred miles from the actual position of the aircraft and no 
appreciable error will result. The farther the lines observer-body 
and assumed position-body are separated in azimuth the greater will 
be the error in the LOP. The above statement is of little value to 
the navigator before he has established a fix by celestial means because 
it is predicated upon knowing the actual position of the airplane, and if 
he knows his position there is no reason to use celestial aids. It is of 
assistance however in judging the accuracy of the fix after it is plotted. 
Figure 24 serves to illustrate the foregoing statements. In figure 
24@, O is the actual position of an observer, S is the GP of a star 
which for purposes of illustration is selected close to the zenith, and 
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FIGURE 24.- -Effect of selection of assumed position. 


C' is the assumed position chosen a great distance from 0. Because 
O, C, and S lie nearly in a straight line, the line of position almost 
passes through O even though the distance OC is several hundred 
miles. Note that the angle A, the difference in azimuth between CS 
and OS, is small. In figure 24@ the distance between the assumed 
position C’ and the observer O’ has been made the same length as 
OC in figure 24@ but C’ has been chosen so that C’S’ diverges much 
more from O'S’ than the corresponding line in figure 24@. It will 
be noted that the line of position does not come anywhere near passing 
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through the observer’s position O’. Hence as the angle A (or A’) 
increases, the LOP tends to lie farther away from the actual position 
of the observer. It should be remembered that figure 24 is very 
much exaggerated and in actual practice deviation of the LOP from 
the position circle of the observer is not significant because first, the 
assumed position is selected reasonably close to the observer’s actual 
position and second, bodies exceeding 60° in altitude are seldom 
observed. Both circumstances have the effect of making the angle 
between the lines observer-body and assumed position-body not 
appreciable. | 

c. The DR position is seldom selected as the assumed position 
primarily because the line of position may be more conveniently 
plotted if a position near the DR position but at the intersection of a 
parallel and a meridian printed on the chart is chosen as the assumed 
position. 

(1) By way of illustration, a navigator in DR position 40° 47’ N.- 
75° 23’ W. at the time of an observation could and probably would 
use 40° 50’ N. and 75° 20’ W. as the assumed position if he was using 
Ageton (H. O. 211) as the method of solving the astronomical triangle 
and if he was working on a VP plotting sheet. He can locate this 
point by eye, no divider measurements being necessary, and can aline 
his protactor on the meridian through the point when the time arrives 
for him to plot the azimuth. If he happened to be working on a 
chart upon which only the integral degrees of latitude and longitude 
were lined, he might use 41° 00’ N.-75° 00’ W. as the assumed 
position. 

(2) When using certain tabular methods of solving the astronomical 
triangle, especially the short-cut ones, there are certain restrictions 
governing the selection of the assumed position. For example, a 
navigator using the H. O. 214 method must select an assumed position 
whose latitude is an integral degree and whose longitude is such that 
an integral degree of LHA results when the assumed longitude is 
combined with the GHA of the celestial body. Using this method. 
a navigator in DR position 40° 47’ N.—75° 23’ W. who observed on a 
body whose GHA turned out to be 100° 14’ would select 41° 00’ N.- 
75° 14’ W. as the assumed position, this being the position nearest to 
the DR position which still fulfills the requirements imposed by the 
H. O. 214 method. 

(3) No appreciable error results from choosing an assumed position 
which is near but not coincident with the DR position. 
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Section VI 
REDUCTION OF ASTRONOMICAL TRIANGLE 

Paragraph 
Creneral: cio hess eeece “eens Sites Bede sauee, syaetOuecied -. 45 
MeGUNOdB cco. eho Ae: Sate dee EO 24 See ee ihe cues os, 6 
Logarithmic or tabular solutions____- 3. BeZSA, Bee cou aeee ee eect, Sad 
Hi. OF 21) (Ageton) 2265 oo Geis ee Ss Cee et ae eee oe 48 
H. O. 214 (Tables of Computed Altitude and Azimuth). ___._.__..__. _- 49 
Line of position computer, type A-3 (Hagner).. ...-... _-._..______- 50 
Line of position computer, type A—4 (Fairchild-Maxson) bin, Upoaeeewes Sol 


45. General.—a. The navigator himself is not always required to 
solve the astronomical triangle. For example, when the conversion 
is being made by either the star altitude curves or the latitude by 
polaris method, the necessary computations have been made by other 
persons and arranged in convenient graphical or tabular form so that 
the navigator may solve the triangle by inspection. 

6. Solution of the triangle is not always made after the observation. 
The navigator sometimes precomputes the triangle himself and puts 
the results in convenient graphical or tabular form for future reference 
at the time of an observation. 

c. Even when the navigator waits until after he has taken an 
observation to solve the triangle, he is not always required to proceed 
in the orthodox manner described in paragraph 42. That is, he is 
not always required to select an assumed position and calculate at 
what altitude and at what azimuth the body appears from the assumed 
position at the instant of observation, compare H, and H, for the 
altitude intercept, and plot the LOP perpendicular to the azimuth at 
the intercept distance from the assumed position. 

d. Regardless of all the above variations, every conversion of an 
observation to a line of position involves solution of the astronomical 
triangle PZS at one stage or another. There are any number of 
methods by which this reduction may be made. 

46. Methods.—a. Specific methods for solution of the astronomical 
triangle currently used by personnel of the Air Corps are - 

(1) Logarithmic or tabular. 

(a) H. O. 211 (Ageton). 

(6) H. O. 214. 

(2) Graphical. 

(a) Star altitude curves (see sec. X). 

(6) Precomputed curves made by navigator himself (see sec. XI). 

(3) Mechanical. 

(a) Line of position computer, A-3 (Hagner). 

(6) Line of position computer, A-4 (Fairchild-Maxson). 
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b. In addition to the foregoing methods, there are tabular, graphical, 
and mechanical means by which the observer’s latitude may be 
quickly found from an observation on Polaris. See section IX. 

c. Aside from their principal application, that is, to convert a 
celestial observation to a line of position, all the foregoing methods 
except precomputed curves.may be used for calculating great circle 
course and distance and for identifying an unknown star. 

47. Logarithmic or tabular solutions.—a. The astronomical 
triangle is in most cases’an oblique spherical triangle and may be 
solved as such. However, a division of the oblique triangle into two 
right triangles by the addition of an auxiliary side somewhat simplifies 
the solution and has won great favor in recent years. The two right 
triangles may be formed by dropping a great circle arc from any one 
of the vertices of the triangle perpendicular to the opposite side. 

b. Whether solved as an oblique triangle or as two right triangles, 
there are many mathematical formulas and variations of formulas to 
choose from, each having its advantages and disadvantages. In 1934 
the Hydrographic Office published a ‘Résumé’ consisting of an 
analysis and comparison of 27 methods. The several formulas 
employed by each method may be solved with extreme accuracy by 
use of logarithms. However, with the exception of the Ageton 
method, straight logarithmic solutions of the various formulas are 
not in general use for air navigation because they are longer than the 
other methods. Most of the short-cut tabular solutions use logarith- 
mic functions to determine those values which must be found with 
great accuracy and straight angular tabulations for the quantities 
which need not be found with comparable accuracy. 

c. Reduction of the triangle is further simplified by using blank 
forms designed so that the various quantities extracted from the tables 
may be entered in their proper spaces; each arithmetical step is 
indicated on the form. These forms are not absolutely necessary 
but help considerably to reduce personal errors in the computations by 
outlining an orderly procedure for each solution. They are particu- 
larly helpful when the navigator’s mind is dulled by fatigue. 

d. The volumes containing the various tables also include an 
explanation and description of their use, and to use any method it is 
only necessary to follow the instructions that are a part of the method. 

48. H. O. 211 (Ageton).—a. Title and use. —The title of H. O. 211 
is “Dead Reckoning, Altitude, and Azimuth Table.’”’ The words 
“dead reckoning’’ are somewhat misleading for they imply that the 
tables are used as an aid in carrving out the dead reckoning. Such 
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is not the case. The words ‘‘dead reckoning’’ mean that this method 
is particularly suited for using the DR position as the assumed position 
as contrasted to those methods which do not permit use of the DR 
position, at least not without considerable inconvenience. 

b. Formulas.—In the Ageton method, the astronomical triangle is 
broken into two right triangles by dropping from the geographical 
position of the body (S), a perpendicular to the meridian of the assumed 
position, that is, a perpendicular to the PZ line. Figure 25 shows the 
astronomical triangle thus broken up. | 





FIGURE 25.—Astronomical triangle resolved into two right triangles for Ageton solution. 


(1) In the right triangle PSX, the local hour angle LHA and the 
quantity 90°-dec are known. R may be found from the formula 


cosec R=cosec LHA sec dec. 
Knowing # and dec, the angular distance K from the equinoctial to the 
base of the perpendicular may be found from the formula 
cosec dec 
sec R 
(2) K is then combined algebraically with the latitude LZ to obtain 
K~L, that is, the angular measure of the arc XZ. 


(3) In triangle ZSX, sides R and K~L are now known. The 
calculated altitude H, (90°—calculated zenith distance) of the body 


cosec K= 
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as it appears from the assumed position may be found from the 
formula 

. cosec H,=sec R sec (A~L). 

The azimuth Z is computed from the formula 


cosec R 
sec H, 


c. A and B values.—It will be noted that all the above formulas are 
in terms of secants and cosecants. The Ageton table is arranged in 
two parallel columns headed A and B, the A columns cecntaining log 
cosecants multiplied by 100,000 (to eliminate decimals) and B columns 
_— secants es by 100,000. This device greatly simplifies the 


cosec Z= 
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FIGURE 26.—Ageton form and solution. | 


arithmetic of solution. Tabulation of functions every half minute 
make interpolation unnecessary. 

d. Form.—To simplify further the solution, a blank form (see fig. 
26) is provided. The blank form is simply a convenient arrangement 
for solution of the formulas by logarithims. By entering on the form 
the proper A and B values as extracted from the Ageton booklet and 
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then performing additions and subtractions indicated by the headings 
of the respective columns, the whole procedure is reduced to a routine 
operation. _ 

e. Solution for line of position using Ageton form (fig. 26).—(1) Enter 
on the form the GCT and date of observation. 

(2) Enter the sextant altitude H, and correct it to obtain H, (see 
sec. VIII). 

(3) From the Air Almanac obtain the GHA and declination of the 
body as explained in section IV and enter these values in the indicated 
spaces. Label declination N. or S. 

(4) Enter the longitude and the latitude of the assumed position. 
The DR position or one near it may be used. 

(5) Find the LHA by combining GHA of the body and longitude of 
the assumed position as explained in section IV. The LHA must be 
less than 180° and labeled E. or W. The hour angle diagram is 
provided to assist in making correct combination. 

(6) Enter the table with LHA and take from the A column the 
nearest tabulated value. Enter on form in column 1. 

(7) Enter table with declination and enter the B and A values 
thereof in the spaces indicated in columns 1 and 2. 

(8) Add the A value of the LHA and B value of the declination 
as indicated in column 1. Find this number or the nearest tabulated 
value in the tables and take out the corresponding B value which is 
entered as indicated in columns 2 and 3. The A value of the LHA is 
repeated in column 4. (Note that the actual value of R is not deter- 
mined; only its log cosec (A) and log sec (B) functions are needed.) 

(9) Subtract the values in column 2 for the A value of K. 

(10) Enter A column of table with this number and take out the 
nearest tabulated value of K. The degrees are read from the bottom 
or top of the column in accordance with the rule at the top of the 
left hand pages. 

(11) Give K same name as declination. 


Nots.—The perpendicular from S always intersects the PZ line north or south 
of the equinoctial according as the body’s Dec. is N. or 8. If several typical 


triangles are constructed on a globe and in each the perpendicular dropped from 


S to PZ, this fact will be clearly demonstrated. 


(12) Combine K with latitude to obtain K~JZ, adding K and 
latitude if of different names and subtracting the smaller from the 
larger if they have the same name. 

(13) The B value for K~Z is now entered on the form in column 
3 and the indicated addition in column 3 performed to obtain the A 
value of H,. 
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(14) With the number thus obtained, enter A column and take H, 
from the tables; at the same time enter the corresponding B value. of 
H, in column 4. 

(15) ‘a’ is the altitude intercept or the difference between H, and 
H,. It is marked away when H, is greater and toward when H, is 
greater. : 

(16) Next perform the indicated subtraction in column 4 and obtain 
the A value of the azimuth Z. Enter the A column of the table and 
take out Z. Although Z may be extracted to the nearest half minute, it 
is sufficiently accurate to record it to the nearest %°. The value of Z is 
taken from the tables in accordance with the rule at the top of the 
right hand pages. Label the azimuth N. or S. according as the ele- 
vated pole is N. or S., and E. or W. according as the LHA is E. or W. 

(17) Convert Z to clockwise azimuth Z,. 

f. Example.—Solution of the following problem is shown in figure 
26: 

(1) The navigator of an aircraft in DR position 44°05’ N.—101°49’ W. 
observes the sun with bubble octant at 16° 19" 15° GCT on January 1, 
1941. H, is 14°37’; bubble correction 0’; altitude of airplane 10,0v0 
feet. Required, the Ageton solution for altitude intercept a and the 
clockwise azimuth Z, of the sun if the navigator chooses for conven- 
ience an assumed position at 44°00’ N.—102°00’ W. 

(2) It will be noted that the azimuth and the altitude intercept 
must be drawn from the assumed position 44°00’ N.—102°00’ W. and 
not from the DR position. 

g. Ards.—(1) A free hand sketch of the astronomical triangle with 
the perpendicular dropped from S to PZ, drawn to conform with.the 
three knowns, LHA, declination and latitude, will serve to— 

(a) Indicate whether value of AK should be extracted from top or 
bottom of the table. 

(6) Indicate how K and L should be combined to obtain K~ L. 

(c) Give usually an indication as to whether the azimuth should be 
extracted from top or bottom of the table and how it should be labeled. 

(2) Figure 27 shows several unrelated triangles drawn to illustrate 
the foregoing statements. Freehand figures such as these contribute 
considerably to an understanding of the Ageton solution and often 
eliminate necessity for consulting the rules pertaining to the solution. 
When drawing the sketches it must be remembered that the perpendic- 
ular always strikes the PZ line N. or S. of the equinoctial according 
as the declination is N. or S. 

h. Advantages.—-(1) H. O. 211 is equally applicable to sights on 
sun, moon, planets, and stars. Certain other methods are not. 
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(2) The solution may be used regardless of the position of the 
airplane on the earth and the position of the body in the heavens 
with but one exception, that is, star sights which give a value of K 
between 87°30’ and 92°30’ should be discarded. This condition will 
seldom be encountered. 

(3) The Ageton method is a convenient method when it.is desired 
to— 

(a) Use the DR position as assumed position. 

(b) Use a specific position as the assumed position as when con- 
structing precomputed altitude curves. 

(c) Identify an unknown star. The identification procedure is 
long but very accurate. 

(7) Compute celestial azimuths for the purpose of air swinging or 
air checking the magnetic compass or for calibrating the radio compass. 

(ec) Make accurate great circle flying computations. 

(4) Tables are short and rules are easy. 

(5) No interpolation is necessary. 

1. Limitations.—(1) Method is long. 

(2) When azimuth alone is desired complete solution must be 
accomplished. Such is not the case with certain other methods. 

(3) Solution is unreliable when K is between 87°30’ and 92°30’. 

49. H. O. 214 (Tables of Computed Altitude and Azimuth).— 
a. Description —(1) These tables, which have been published only 
recently, consist essentially of tabulated solutions of the astronomical 
triangle so arranged as to yield the navigator his calculated altitude 
and azimuth by inspection. The scheme of precomputing such values 
for ready use is a long-established one; it is in the scope, arrangement, 
and convenience of interpolation that these tables are unique. Be- 
cause of its simplicity, H. O. 214 is gaining in popularity over other 
so-called short-cut tabular methods of reduction such as Dreisenstok 
(H. O. 208) which employs the same entering arguments. 

(2) The tables are equally applicable to sights of the sun, moon, 
planets, and navigational stars, and inasmuch as they are designed 
for use in connection with celestial bodies of declinations both of 
same name as and contrary name to the latitude, they apply to both 
northern and southern hemispheres. 

(3) Arrangement is on a basis of whole degrees of latitude. For 
greater convenience in use, the values for only 10° of latitude are in- 
cluded in each volume of the tables. Volume I is used in latitudes 
0° to 10°, inclusive; volume IT in latitudes 10° to 20°, etc. Five 
volumes have been published to date. When completed, the entire 
90° of latitude will be contained in nine volumes. 


82 











TM 1-206 
CELESTIAL AIR NAVIGATION 49 


(4) Declination arguments in whole and half degrees head the 
main columns of each page, while hour angle arguments appear at 
the sides. An inspection of the declination headings of several pages 
of the tables will show that the declination arguments are not tabu- 
lated every 30’ from 0° to 90°. To save space, the declination argu- 
ments for celestial bodies not used in practical navigation are omitted 
and the hour angle arguments are not tabulated throughout to 180°. 
To save space, hour angle arguments are discontinued when the alti- 
tude of the body under the given conditions of latitude and declina- 
tions is less than 5° (approximate). 

(5) In each declination column are four groups of figures represent- 
ing, from left to right— 

Altitude (Alt.). 
Multiplier, Ad for declination difference. 
Multiplier, At for hour angle difference. 
Azimuth (Az). 

(a) Ad represents the change in altitude due to a change of |’ of 
arc of declination. 

(6b) At represents the change in altitude due to a change of 1’ of 
arc of longitude. At is used only when the DR longitude is one of 
the coordinates of the assumed position. 

(6) In addition to Ad and At there is another increment used in 
the tables called AZ which represents the change in altitude due to 
a change of 1’ of arc of latitude. It is used only when the DR latitude 
is selected as one of the coordinates of the assumed position. ° 

b. Solution for line of position using Ad only.—(1) These tables are 
designed primarily for use with an assumed position selected so that 
the latitude and local hour angle are in integral degrees. By assuming 
such a position the solution is short and simple. Under these condi- 
tions it is only necessary to correct for the difference between the true 
declination of the celestial body and the nearest tabulated value; the 
At and AL corrections are not applicable. The procedure given 
below is that for using the tables when the assumed position is selected 
so that its latitude and the LHA of the body are in integral degrees. 
Explanation of the use with the DR position is omitted here because 
it is believed that the navigator will find the H. O. 211 method some- 
what less complicated if he desires to work from the DR position. 

(2) A blank form, as illustrated in figure 28, assists in the orderly 
solution by this method. The form is designed for use with the Ad 
correction only. ; 

(3) Procedure—(a) Measure altitude H, of the body; correct it to 
obtain H,; note GCT of observation; extract GHA and declination 
of the body from Air Almanac. Make indicated entries. 
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(6) Assume a longitude so that the LHA (GHA~assumed longi- 
tude) will be a whole degree. The assumed longitude should be one 
which is near the DR longitude, that is, preferably less than 30’ 
therefrom. Enter LHA as indicated on the form. Label it E. or W. 

(c) Assume a latitude to nearest whole degree to DR position. 

(d) Enter tables with assumed latitude, the nearest whole or half 
degree of declination; opposite the LHA select altitude, Ad and 
azimuth. 

Caution.—Watch the sign of the declination column. 

(e) Find Ad correction from multiplication table inside back cover. 
The table is entered with Ad at the side and declination difference at 
the top, and the correction to the altitude taken from the body of 
the table. The table is in two parts, one for whole minutes of declina- 
tion difference and the other for tenths of minutes. Thé sign of the 
correction is determined by glancing at the values of altitude for ad- 
joining tabulated declinations between which the exact declination 
lies. The inspection should be made at the same time that altitude, 
Ad and azimuth are taken from the tables. Add the Ad correction 
to tabulated altitude if the altitude is increasing as the tabulated 
declination approaches the exact declination; subtract the Ad correc- 
tion if the altitude is decreasing as the tabulated declination approaches 
the exact declination. The result is H,. 

(f) Compare H, and H, in the usual manner for altitude intercept a. 

(g) Label the azimuth N. or S. according as the elevated pole is 
N. or S. and E. or W. according as the LHA is E. or W. 

(hk) Convert the azimuth to Z,. | 

(4) Plotting.—(a) When the solution for line of position using only 
the Ad correction has been made, the sight must be plotted from the 
assumed position whose coordinates are— 

Latitude, the integral degree with which the tables are entered. 
Longitude, the longitude which was assumed in finding LHA in 
integral degrees. 

(6) It will be noted that when obtaining a fix as the result of two 
sights, each sight will be plotted from a different assumed position. 
The fact that the same assumed longitude cannot be used with both 
bodies slightly increases the work incident to plotting. 

(5) Explanation of Ad correction.—The altitude obtained from the 
tables is correct for the values with which the tables have been entered; 
but since the exact declination of the body will usually differ from 
the tabulated declination, a correction to the altitude must be made 
for this difference. For example, if the exact declination of a star 
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is 57°33.1’ and the table is entered with a declination of 57°30’, 
the declination difference is 3’.1. Since Ad represents the change 
in altitude due to a change of 1’ of arc of declination, if Ad is multi- 
plied by the declination difference, the correction to the altitude 
for declination is obtained. The table inside the back cover provides 
a means of multiplying Ad and declination difference by inspection. 
This correction is then applied with + or — sign to the tabulated 
altitude according to instructions previously given in 6(3)(e) above, 
and the result is the correct H, for arguments of integral degree of 
latitude, integral degree of LHA, and the exact declination of the body. 
(6) Example.—Solution of the following problem is shown in figure 
28: | 

(a) The navigator of an aircraft in DR position 25° 15’ N.-75° 13’ W. 
observed the star Betelgeux with bubble octant at 06° 55™ 40° GCT on 
January 1, 1941. H, is 46° 49’; bubble correction 0’; altitude of air- 
plane 5,000 feet. Required, the H. O. 214 solution for altitude inter- 
cept and clockwise azimuth; use Ad correction only. 

(b) It will be noted that the above sight must be plotted from 
position 25° 00’ N.—75° 27’ W. 

c. Advantages.—(1) Line of position solution is equally applicable 
to sights on all navigation bodies. 

(2) Method is short and simple when only the Ad correction is used. 

(3) Azimuths extracted from the tables are sufficiently accurate to 
use for aircraft compass swinging. No corrections are necessary. 
Althouglr the assumed position may not coincide with the location on 
the earth where the swinging is to take place, the difference in azimuth 
between the assumed position body and actual position body may 
be disregarded. The navigator is justified in disregarding the error 
because it is insignificant when the body is low on the horizon as it 
must be for compass swinging. The assumed position can and should 
always be picked so that it is within 30’ of latitude and 30’ of longitude 
of the swinging location. 

(4) Method of star identification is simple. 

(5) Tables may be used to compute great circle course and distance. 
However, all three corrections, Ad, At, and AL are involved. 

d. Limitations.—(1) Tables are bulky and consist of several large 
volumes. 

(2) Existing volumes extend only to latitude 50° N. or S. Until 
the remaining latitude bands are published the method cannot be used 
in higher latitudes. 

(3) Solution is inconvenient when worked with the DR position as 
the assumed position. Three interpolations are usually required to 
perform this operation. It is likewise inconvenient if the navigator 
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desires to use as the assumed position any other place than that which 
is located on integral parallel of latitude and at a longitude which will 
give an integral degree of LHA. For this reason it is not well suited 
for precomputing altitude curves. 

50. Line of position computer, type A-3 (Hagner) (fig. 29).—«. 
Description.—(1) The Hagner position finder is a mechanical device 
for solving the astronomical triangle without the necessity of reference 
books other than the Air Almanac. It actually reconstructs in metal 
the conditions that exist at the instant of observation. In addition 
to solving for a celestial line of position, 1t may be used as a star 
identifier and to work problems in great circle flying. 

(2) It consists essentially of several arcs; each arc is provided with 
a degree scale and a micrometer scale for reading to the nearest minute 
of arc without interpolation. Each arc is provided with a locking 
device. In setting an element of the astronomical triangle, the locking 
device is unlocked and the scale set to the nearest degree or so. The 
locking nut is then locked and final adjustment made with the 
micrometer tangent screw. 

(3) The center of the earth (observer) is considered as being at the 
center of the azimuth ring and the largest arc is used to represent 
the position of the body with respect to the zenith of the observer, 
that is, it represents the hour circle of the body. In addition to 
having a protractor scale at one end for the purpose of setting local 
hour angle, it has a declination scale and rider so that the position of 
the body on its hour circle may be set. 

(a) The hour angle protractor is graduated so that hour angles to 
include 110° E. or W. may be set thereon. The hour angle index is 
fixed; the scale moves with the arc. The black scales on both the 
protractor and micrometer drum are used for setting easterly hour 
angles when the north pole is the elevated pole and the red scales for 
westerly hour angles. The scales are reversed when the south pole is 
the elevated pole. When reading the black degrees scale care must be 
taken to use the black scale on the micrometer drum; when reading the 
red degrees scale, the red scale on the micrometer drum must be used. 

(b) The declination scale is graduated to +60° so that declinations 
of same name or opposite name to observer’s latitude may be set. The 
black scale is used when declination is the same name as observer’s 
latitude; red scale if opposite name. The declination scale is fixed and 
the index moves with the rider. The declination rider is equipped 
with a telescope for use when collimating as described below. 

(4) The latitude scale, graduated to 70° only, is used to set in the 
latitude of the observer’s assumed position. It is not a double scale, 
red and black, as are the HA, declination, and azimuth scales. Setting 
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this scale sets the plane of the horizon which is the plane upon which 
the azimuth scale is engraved. The latitude protractor moves, the 
index being fixed. 

(5) The altitude rider which travels along the altitude arc gives the 
altitude of the body. The altitude scale is a single one, graduated 
from 0° to 90°. The rider is equipped with a telescope for collimating 
with the declination telescope. 

(6) The azimuth of the body is indicated on the azimuth ring. It 
is graduated from 0° to 180°, one half of the 360° circle being in black 
graduations and the other half in red. The micrometer drum is 
provided with red and black minute of arc graduations to match with 
the degrees scale. The index is fixed, the scale movable. A few later 
models of the Hagner computer have azimuth graduated to 360°. On 
these models the azimuth indication should be labeled with the name 
of the elevated pole and be considered as being measured clockwise in 
the northern hemisphere, counterclockwise in the southern. It 
corresponds to Z,. 

b. Orientating instrument.—No confusion will arise as to whether to 
set the various elements on a red or black scale if the instrument is 
oriented so that the axis of the LHA arc is placed with the protractor 
end pointing at the elevated pole of the observer. Then to set off 
an hour angle the HA arc will be swung toward the position the body 
occupies in the heavens and the proper scale will be indicated by visual 
inspection of the HA protractor. If working in the northern hemis- 
phere and the body’s declination 1s N., the declination rider must be 
set on that part of the declination scale which lies between 0° and the 
protractor end of the HA arc; if the declination is S. and the elevated 
pole is north, the declination rider must be moved so that the scale 
between 0° and the opposite end of the axis is used. If the elevated 
pole of the observer is the south pole, south declinations will be set off 
between 0° and the protractor end of the hour angle axis; north declina- 
tions toward the opposite end of the axis. The degrees and minutes 
indicated on the azimuth scale are labeled to conform to the elevated 
pole and the hour angle; thus, if the elevated pole is the north pole 
and the HA is east, the azimuth will be N. so many degrees E. 

c. Use.—The two ways in which the instrument may be used to 
solve the celestial triangle are first, solution by assuming both latitude 
and longitude, and second, solution using H, and assumed latitudes or 
longitudes. 

(1) Solutwn for line of position by assuming both latitude and longi- 
tude.—(a) Observe body, note GCT, correct H, to obtain H,, and 
extract GHA and declination of the body from the Air Almanac. 
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(b) Select an assumed position; it may be the DR position or one 
near it. , 

(c) Find LHA of the body for the assumed longitude. 

(d) Set this LHA on the HA scale. 

(e) Set declination rider to the declination. 

(f) Set assumed latitude on the latitude scale. 

(g) Two elements remain which have not been set, altitude and 
azimuth. These are the two unknowns for which the solution is being 
made. These elements are procured by moving the azimuth circle and 
the altitude rider until the altitude and the declination telescopes are 
collimated. Collimation is effected when the two engraved circles seen 
through the telescopes are exactly concentric. Do not move the HA, 
the declination, or the latitude verniers when collimating. 

(hk) When collimation is effected, read on altitude scale the com- 
puted altitude H, of the body as it appears from the assumed position. 

(:) Read the azimuth from the azimuth ring. 

(7) Compare H, and H, for the intercept and plot line of position 
from the assumed position in the orthodox manner. 

(2) Solution for line of position using H, and assumed latitudes or 
longitudes.—By this time, it will be seen that if any three elements of 
the triangle are known or are assumed and set into the computer, the 
other two elements may be solved by collimating the telescopes pro- 
vided the collimation is effected by adjusting the two remaining scales 
only. In the method about to be described, the points where the ob- 
server’s actual position circle intersects two whole degree parallels or 
two whole degree meridians near his DR position are found. These 
intersections definitely fix the direction of the position line. In this 
method the azimuth is not recorded, although the azimuth ring is 
used to effect collimation as will be seen. 

(a) Observe body, note GCT, correct H, to obtain H,, and extract 
the GHA and declination of the body from the Air Almanac. 

(6) Keeping in mind that the position circle is perpendicular to the 
bearing of the body, estimate whether the position line when plotted 
will run more nearly east and west, or more nearly north and south. If 
the position line will run east and west, select two whole degree 
meridians in the vicinity of the DR position; if the position line will 
run more nearly north and south, select two whole degree parallels 
near the DR position. If the direction of the body is such that it 
appears that the position line will cut the meridians and the parallels 
obliquely, say at an approximate 45° angle, select either two whole 
degree meridians or two whole degree parallels. It does not matter 
which are chosen. 
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(c) If two whole degree meridians have been selected.—Compute the 
LHA of the body with respect to each of the meridians, combining 
the GHA of the body with the longitude of each of the meridians in 
turn. Now set up the Hagner computer as follows: set in either of 
the two above computed LHA’s, set declination, set H, on altitude 
scale. Collimate the telescopes by varying the azimuth and latitude 
scale settings. When collimation has been effected, read on the lati- 
tude scale the latitude at which the position circle will intersect the 
meridian whose LHA was used in setting up the computer. Mark 
this point on the chart. Leaving declination and the altitude settings 
undisturbed but changing LHA setting to read the LHA which was 
not used in the first set-up, again collimate by adjusting the azimuth 
and latitude scales only. Read on the latitude scale the latitude at 
which the position circle will intersect the meridian whose LHA was 
used in setting up the computer the second time. Mark this point on 
the chart. Draw a line through the two marked points. This is the 
position circle. 

(d) If two whole degree parallels have been selected.—Set up the com- 
puter as follows: set in either of the whole degree latitudes, the 
declination and H,. Collimate by moving only LHA and azimuth 
scales. Record the LHA. Now set in the other whole degree latitude 
and recollimate by moving LHA and azimuth scales only. Record 
the second LHA. Now combine each of the LHA’s with the GHA of 

the body as extracted from the Air Almanac to find at which longitude 
the line of position will cut each of the parallels which was assumed in 
setting up the instrument. Mark each of the longitudes thus de- 
termined on its proper parallel and draw a straight line through the 
two points. This is the line of position. 

(e) Analysis of the foregoing procedure will make it apparent that 
whole degree latitudes or longitudes need not have been assumed. 
Any two latitudes or any two longitudes in the vicinity of the DR 
position would have served the purpose. The whole degrees are used 
for convenience only. 

(f) The reason for estimating the direction in which the position 
line will run is as follows: assume that a body bears north and by mis- 
take it has been chosen to find where the position circle will cut 
two whole degrees of latitude. Since the resultant position line will 
run generally east and west, it is apparent that the two parallels will 
be intersected by the position line at two widely separated longitudes. 
In fact, it is entirely possible to have one or both of these intersections 
fall off the chart, in which case the point or points cannot be plotted. 
Furthermore, even though the intersections fall on the chart, the 
position line itself will not be as accurate as would be the case if the 
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whole degree of longitudes had been selected. This is due to the fact 
that when the computer is set up the wrong way (that is, assuming 
latitudes by mistake), the hour angle arc must be moved through 
several minutes of arc before any change in collimation is perceptible. 
Hence it is difficult to know just what position of the HA arc is the 
correct one. Similar plotting and collimation difficulties will result 
if whole degree longitudes are selected when the body bears to the 
east or west. 

(g) When solving for a line of position using H, and assumed whole 
degrees of latitude or longitude, there are two possible solutions for 
each set-up of the finder. This is due to the fact that every parallel 
passing through the circle of position is a chord of the circle and will 
intersect the circle twice. Likewise, two intersections fulfill the con- 
ditions when a meridian is assumed. A knowledge of the approximate 
DR position of the aircraft will indicate the proper solution, as one of 
the intersections usually will be at least several hundreds of miles 
away from the DR position. 

d. Operation, handling, and maintenance.—(1) It is highly desirable 
that the navigator adopt proper methods of handling the Hagner 
position finder. Some difficulty may occasionally be experienced 
when seating the worm drive of the micrometer verniers in the respec- 
tive teeth of their arcs. This occurs when the worm drive has been 
lifted completely from the arc teeth for an approximate or “rough”’ 
setting. When this occurs, under no condition must the worm drive 
be forced to seat with the drive resting on the arc teeth. It is obvious’ 
that any attempt of this kind may result in injury to the parts con- 
cerned and consequently impair accuracy of the instrument. A slight 
shifting of the are or rider with the worm drive lifted will almost 
immediately result in proper engagement. If care is taken to set the 
reference index on riders between the degree marks on the arcs when 
making a rough setting, the possibility of jams will be practically 
eliminated. 

(2) Setting of arc riders should be accomplished by pushing them 
in the desired direction. These are all important in the final alinement 
of the finder and therefore under no circumstances must any undue 
force be applied that would tend to offset their optical centers. 

(3) All moving parts of the finder are machined with maximum 
precision, and therefore a firm, even pressure will insure easy settings. 

(4) Before replacing the position finder in its case, the arcs, riders, 
and the azimuth plate must be set at 0° values (90° for altitude rider). 
This will insure proper suspension of the instrument by its base, thus 
eliminating any possibility of stress on the arcs themselves. The base 
of the finder should be grasped firmly in both hands and the instru- 
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ment inverted and set carefully in its cradle. Under no condition 
should the instrument be lifted by either the altitude or HA arcs. If 
either of the aforementioned arcs are compelled to support the weight 
of the computer (10 pounds) for any length of time, their precise 
curve will be subject to distortion which will affect the accuracy of 
their relationship and consequently the perfect alinement of the riders. 

(5) An occasional application of a slightly oiled cloth to the un- 
painted portions of the finder will insure protection against oxidation, 
preserve its neat appearance, and facilitate operation of the instrument. 

(6) Due to dust or dampness, the optical system of the finder may 
require an occasional cleaning. This should only be done with a good 
grade of clean chamois or a well-washed linen handkerchief. Particu- 
lar care should be exercised when cleaning the objective or altitude 
lens to avoid possibility of applying pressure that may tend to affect 
its precise alinement with the rest of the instrument. When cleaning, 
the slight pressure required should be parallel to the surface of the 
lens rather than against it. 

(7) Good common sense in handling the instrument is all that is 
required. Its accuracy will be maintained indefinitely if reasonable 
care is taken while handling and using the instrument. 

(8) Obviously, adjustment of the instrument may be checked by 
working an Ageton or H. O. 214 solution of a typical problem, and 
then setting the same problem on the computer. The solution by 
Hagner should be correct to within + 2’ or 3’ when the verniers are 
carefully set. 

e. Advantages.—(1) Solution is equally applicable to all celestial 
bodies. 

(2) No arithmetical calculations are necessary except for LHA. 
The only book necessary is the Air Almanac. 

(3) Line of position may be solved using DR position or any other 
assumed position near it. 

(4) Unknown stars may be identified quickly. 

(5) Great circle courses and distances may be computed rapidly. 

(6) Permits an LOP to be found without using any altitude inter- 
cept (the method described in c(2) above). 

(7) Is very useful when precomputing altitude and azimuth curves. 

(8) Gives a graphic portrayal of celestial triangle, hence it is an 
excellent classroom device. 

f. Inmitations —(1) Will not solve the astronomical triangle when 
the observer’s latitude exceeds 70°, when the LHA of the body is 
vreater than 110° nor when its declination exceeds 60°. 

(2) Is inconvenient to operate in flight. The scales are difficult to 
set and read, especially in a poorly lighted navigator’s compartment. 
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When setting the scales, consideration must be given as to whether 
to use red or black scale and micrometer readings. The micrometer 
drums often develop considerable back lash, that is the tangent screws 
can sometimes be rotated through several minutes of arc without 
affecting collimation. 

(3) Is a precision instrument and subject to derangement if mis- 
handled. 

(4) Is difficult to operate in flight. 

(5) Is heavier and bulkier than tables. 

(6) No written record of the solutions remains for a later check. 

(7) Is more expensive than tables. 

51. Line of position computer, type A-4 (Fairchild-Maxson) 
(fig. 30).—a. Description—(1) The A-4 computer is a mechanical 
computer for solving the astronomical triangle. The formulas upon 
which the mechanical solution is based are old ones; it is in the in- 
genious method by which these formulas are solved by a system of 
cams, grooves, and gears that the device is unique. The computer 
does not solve the triangle for azimuth and the known azimuth of a 
body cannot be set into the instrument. The line of position is 
orientated by finding where the position circle cuts two parallels of 
latitude or two meridians in the vicinity of the DR position. In this 
respect, the general procedure is similar to that which has been de- 
scribed for computing an LOP by Hagner using H, and two assumed 
latitudes or longitudes as entering arguments. 

(2) As is true of other methods, it will compute problems in great 
circle flying and may be used for star identification. 

(3) The Air Almanac data for the sun are fed into the computing 
mechanism from a cam on which are cut the data for a 3-month period. 
The cam with its cam followers and accessory gearing 1s mounted in 
a subunit, four of which are supplied with each instrument, one being 
mounted on the computer proper and the other three supplied in 
individual containers each marked with the quarter and year to which 
it applies. This subunit is called the quarterly almanac; it is not to 
be confused with the Air Almanac. Provision is made in the carrying 
case for storing the computer with current unit and one extra unit. 

(4) Figure 30 shows the face of the instrument with the operating 
controls numbered for reference. 

(5) The computer can solve for lines of position for all latitudes 
north or south, for all longitudes east and west, using bodies of any 
declination north and south, and with right ascensions from zero to 
24 hours. 

(6) For problems involving fixed stars, planets, and the moon, the 
declination and right ascension of the observed body are set on the 
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appropriate counters. For sun observations the equivalent data are 
fed into the machine automatically. 

(7) (a) No reference books, tabular solutions, or Air Almanac are 
necessary for making solutions involving the sun. 

(6) In making solutions involving either a star, a planet, or the 
moon, the value of the RA and declination of the body at the instant 
of observation must be obtained. In the case of a star this is procured 
readily from the Air Almanac. At the present time the RA’s of the. 
moon and planets are not included in the Air Almanac and conversion 
of the tabulated GH4A’s of these bodies to obtain the RA’s is so 
bothersome as to nullify the other advantages of the computer solu- 
tion. The RA’s of the moon and planets are contained in the Nautical 
Almanac; if that is not available the RA may be calculated from the 
Air Almanac data using the formula 


RA ¢c = GHA r — GHA <¢, or 
RA planet = GHA 7 — GHA planet. 


The value of RA derived from the GHA r — GHA body computation 
will be in degrees and must be converted to time units. 360° may be 
added to the tabulated GHA 1, if necessary, to make the subtraction. 

(8) Referring to figure 30, knob 1 is used to set in the Greenwich 
date of observation. This control is always turned through a com- 
plete revolution and must be left in the position indicated by the 
detent. Knob 2 is used to set in the Greenwich civil time of observa- 
tion. Knob 3 operates the sun— and star counters, the direction of 
rotation for setting being indicated on the respective counters by 
arrows on the left hand drums. Knob 4 operates the declination 
counter and the solar declination synchronism indicator. Synchron- 
ism of an indicator is accomplished when all the pointers are in aline- 
ment. Both slow and fast pointers move in the same direction and 
the direction of cranking should be such as to aline in the shortest 
direction. In general, the second speed (lower right) pointer will 
indicate the direction. See instructions below for the direction of 
the final movement of the main synchronizer. North or south 
declinations are indicated on the counter shield, the shield automati- 
cally changing position as the declination counter passes through 0°. 
The altitude is set in by the operation of control knob 5. Latitude 
and longitude are set in by knobs 6 and 7, respectively. Each of 
these counters is provided with shields automatically showing north 
and south latitude and east and west longitude. Right ascension is 
entered by the operation of knob 8. 
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b. Operation.—(1) Precautions.—Construction of the type A-4 
computer requires that several precautions be observed in operation 
to avoid damaging the instrument. 

(a) The Air Almanac units supplied with the computer provide for 
3-month or quarterly periods beginning January 1, April 1, July 1, 
and October 1. An overlap of 2 or 3 days is provided on each end of 
the Almanac cams. It is essential that operation of the date-setting 
knob be confined to dates within the cam limits. If before the begin- 
ning or after the end of any quarter the date-setting knob does not 
move freely, DO NOT FORCE. Do not attempt to use the installed 
Almanac unit more than a day or two beyond the end or beginning of 
the quarter. The quarter to which the installed unit is applicable is 
marked plainly on the upper left hand corner of the machine. 

(6) Do not attempt to force any of the computers through the stops 
provided on same. On the latitude, longitude, and declination 
counters there is no stop at the 0 position, thus permitting con- 
tinuous operation through 0° to values of the opposite name. The 
limit stops on the various counters are— 

1. GCT, 0 and 24 hours. 

2. RA, 0 and 24 hours. 

3. Altitude, 0 and 90°. 

4. Latitude, 90° N and 90° S. 

§. Longitude, 180° E and 180° W. 
6. Declination, 90° N and 90° S. 

(c) As occasionally happens while the machine is new, if a control 
appears to jam at values between the stops rock the control back and 
forth and the machine will clear itself. 

(d) In each of the procedures given in (2) to (7) below, the final 
step is the alinement of the main synchronizer. In order to minimize 
effect of backlash, always make final movement so that long povnter 
comes to index line in a clockunse direction. This precaution need not 
be observed when synchronizing the declination pointers. 

(2) To find altitude of sun as rt appears from an assumed position at 
any instant.—The following procedure is used principally for precom- 
puting only the altitude of the sun. 

(a) Enter Greenwich date (knob 1). 

(6) Enter preselected Greenwich civil time (knob 2) for the instant 
at which altitude is desired. 

(c) Synchronize sun counter by cranking knob 3, that is, turn until 
the counter reads sun—(dash), not sun. 

(dq) Synchronize solar declination synchronizer (knob 4). It will 
be noted that when the pointers are alined, the sun’s declination is 
automatically recorded on the declination counter. 
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(e) Enter latitude and longitude of selected (assumed) position 
(knobs 6 and 7). 

(f) Crank the altitude control (knob 5) until the main synchronizer 
is in alinement. As previously cautioned, when making final adjust- 
ment bring long pointer to index in a clockwise direction. 

(g) Reading of the altitude counter is required altitude. 

(3) Solution for precomputed sun line of position.—This procedure 
is used when it is desired to determine not only the altitude at which 
the sun will appear from a selected (assumed) position at some instant 
but to orientate the position circle through the selected position. 

(a2) Solve for altitude as in (2) above and then proceed as follows: 

(6) Estimate whether the sun will be bearing generally north or 
south from the selected (assumed) position at the given instant of 
GCT;; if so, change longitude knob 1°. If instead the sun will be 
bearing generally east or west at the given instant of GCT, alter the 
latitude knob 1°. 

(c) If the longitude setting has been changed 1°, synchronize main 
synchronizer by cranking latitude knob. If latitude setting has been 
changed 1°, synchronize main synchronizer by cranking longitude 
knob. Do not change altitude setting during entire procedure. 

(d) Read and record new latitude and longitude. 

(e) On the chart plot the selected (assumed) position and the point 
obtained is (d). Through plotted points draw required precomputed 
line of position. 

(4) Solution for sun line of position using observed altitude (H,).—This 
procedure is very similar to that described above except that H, is 
substituted for precomputed altitude. In other words, the procedure 
below is used to locate the observer’s line of position and not a pre- 
computed line through an assumed or otherwise selected position. 

(a) Enter Greenwich date of observation. 

(6) Enter GCT of observation. 

(c) Synchronize sun counter; that is, turn knob 3 until counter 
reads sun—(dash), not sun. 

(d) Synchronize solar declination indicator. 

(e) Enter corrected observed altitude Hg. 

(f) By visual reference to the sun, decide whether the ultimate 
position line will run generally east and west, or north and south. 

1. If it will run east and west, assume two whole degrees of 
longitude near the DR position and then setting each 
longitude in turn on the counter solve for corresponding 
latitude by synchronizing main synchronizer with latitude 
knob. The setting of the altitude counter remains un- 
changed during this procedure. Record the assumed lon- 
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gitude and the corresponding latitude after each syn- 
chronization. On the chart plot the two points thus 
recorded and through them draw a straight line which 
will be the observer’s line of position. 

2. If upon visual reference to the sun it appears that the 
ultimate position line will run generally north and south, 
assume two whole degrees of latitude near the DR position 
and then setting each latitude in turn on the counter solve 
for corresponding longitude by synchronizing main syn- 
chronizer with longitude knob. The setting of the altitude 
counter remains unchanged during this procedure. Record 
the assumed latitude and the corresponding longitude 
after each synchronization. On the chart plot the two 
points thus recorded and through them draw a straight 
line which will be observer’s line of position. 

(5) To find altitude of star as u& appears from an assumed position 
at any instant—The following procedure is used principally for pre- 
computing only the altitude of a star. 

(a) Enter Greenwich date (knob 1). 

(6) Enter preselected Greenwich civil time (knob 2) for the instant 
at which the altitude is desired. 

(c) Enter RA of star (knob 8). 

(d) Synchronize star counter by cranking knob 3; that is, make 
the letters STAR appear. 

(e) Enter declination of star on declination counter with knob 4 
(disregard solar declination synchronizer). 

(f) Enter latitude and longitude of selected (assumed) position 
(knobs 6 and 7). 

(g) Crank the altitude control (knob 5) until the main synchronizer 
is in alinement. 

(hk) The reading of the altitude counter is the required altitude. 

(6) Solution for precomputed star line of position.—This procedure is 
used when it is desired to determine not only the altitude at which a 
star will appear from a selected (assumed) position at some instant 
but to orientate the position circle through the selected position. 

(a) Solve for altitude as in (5) above and proceed as follows: 

(6) Estimate whether the star will be bearing generally north or 
south from selected (assumed) position at the given instant of GCT; 
if so, change longitude knob 1°. If instead star will be bearing gen- 
erally east or west at the given instant of GCT, alter latitude knob 1°. 

(c) If the longitude setting has been changed 1°, synchronize main 
synchronizer by cranking the latitude knob. If the latitude setting 
has been changed 1°, synchronize main synchronizer by cranking 
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longitude knob. Do not change altitude setting during the entire 
procedure. , 

(2) Read and record new latitude and longitude. 

(ec) On the chart plot selected (assumed) position and the point 
obtained in (d). Through the plotted points draw the required pre- 
computed line of position. 

(7) Solution for star line of position using observed altitude (H,).— 
This procedure is very similar to that described in (6) above except 
that H, is substituted for the precomputed altitude. In other words, 
the procedure below is used to locate the observer's line of position 
and not a precomputed line through an assumed or otherwise selected 
position. 

(a) Enter the Greenwich date of observation. 

(6) Enter the GCT of observation. 

(c) Enter the RA of observed star (knob 8). 

(d) Synchronize star counter (knob 3). 

(ec) Enter declination of star; (disregard solar declination syn- 
chronizer). 

(f) Enter observed altitude Hg. 

(g) By visual reference to star decide whether star line of position 
will run generally east and west or north and south, and assume 
either two whole degrees of longitude or latitude just as was done 
for a sun line of position in (4) above. For each assumed longitude 
or latitude and with altitude counter remaining set to read H,, find 
the other coordinate on the position line by synchronizing main syn- 
chronizer in the same way as was done for the sun. Record the 
latitude and longitude of the two points and plot them on chart. 
The straight line through the two points is the observer’s position line. 

(8) Line of position solution for the moon and planets.—Once the 
RA of these bodies has been obtained the solutions are identical to 
those for a star. 

c. Azimuth.—Having plotted a line of position obtained from the 
computer, it is obvious that the azimuth of the body may be obtained 
by measuring the bearing of a line at right angles to the plotted line of 
position. Care must be taken that the azimuth rather than its 
reciprocal is measured. An azimuth obtained in this manner should 
never be used when a highly accurate azimuth measurement is desired. 

d. Altitude intercept—-If an assumed latitude and longitude are 
entered into the computer and the main synchronizer is synchronized 
using the altitude control, the reading of the altitude counter after 
synchronization is obviously H,. If, at the same instant of GCT, 
the observer has measured the altitude of a body and obtained H,, 
the difference between H, and H, is the altitude intercept; if the line 
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of position for the assumed position has been solved by the com- 
puter and plotted on the chart, the observer’s line of position can be 
plotted by drawing a line parallel to the assumed position line and at 
&@ perpendicular distance therefrom equal to the intercept. This 
method of plotting the observer’s line of position is seldom used 
because it involves more steps than that described in 6(4) and (7) 
above. 

e. Two solutions possible.—When solving for a line of position using 
H, there are two possible solutions for each set-up of the computer 
due to the fact that every parallel passing through the position circle 
is a chord of the circle and will intersect the circle at two different 
longitudes; likewise, every meridian is a chord and will intersect the 
position circle at two different latitudes. As these intersections are 
usually separated by at least several hundred miles, a knowledge of 
the DR position will indicate the proper value of the coordinate. 

f. Adjustments.—(1) DO NOT ATTEMPT to disassemble the 
machine or make unauthorized adjustments. 

(2) Installing new Almanacs.—(a) On the first day of the new quar- 
ter of the year a new Almanac unit must be installed. Up to the 
present time changing of the almanacs has been a constant source of 
trouble and has probably been responsible for more derangements 
than any one thing. The technical order pertaining to the computer 
outlines in detail procedure to be followed in changing the unit and 
the navigator is referred to that publication for the procedure because 
it contains the necessary illustrations to clarify the written explana- 
tion. Extreme care must be exercised during the entire process. 

(6) After a change has been made the old Almanacs are returned to 
the Air Corps depots and are reset for the same quarter of the fol- 
lowing year. 

(3) Once each year the entire computer must be returned to the 
depot for adjustment. 

g. Checking computer.—There are several ways of checking the 
machine for proper all round adjustment. The simplest way is to 
solve a meridian problem but at the same time avoiding zero settings. 
(A little manipulation of the computer will show that it is very diffi- 
cult to set any of the counters exactly on 0.) The procedure is as 
follows: 

(1) Set any date. 

(2) Set 30° W longitude. 

(3) Set GCT at 14" 007 00° with the equation of time on the date 
selected for 14° GCT applied with reverse sign, that is, if the equa- 
tion of time is —6™ 14° set the GCT at 14" 06™ 14°. This is the 
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same thing as finding the GCT corresponding to 14" GAT for the 
given civil date. 

(4) Synchronize Sun—counter. The machme is now set for local 
apparent noon at 30° W longitude. | 

(5) Synchronize declination synchronizer. The declination counter 
should read the value of the sun's declination for 14" GCT on the date 
chosen. 

(6) Now set declination counter to 36° 00’ N. and the latitude 
counter to 72° 00’ N. 

(7) Synchronize main synchronizer by cranking altitude control. 

(8) Altitude counter should read 54° 00’. 

(9) Crank GCT to 14° 00” 00° even. This upsets the Sun--- 
counter. 

(10) Synchronize Star counter by operating the RA knob. 

(11) When counter reads S-T-A-R, the RA counter should read 
125 02™ 18° plus the sidereal time corresponding to 0° GCT for the date 
chosen. If the sum thus calculated exceeds 24 hours, subtract 24 
hours. 

h. Advantages.—(1) Solution is equally applicable to all bodics 
regardless of their positions in the heavens or position of observer on 
the earth. 

(2) Solution for a sun line of position is the fastest. of all the methods 
(1 or 2 minutes to solve and plot). 

(3) Solution for star, moon, and planet lines of position are not 
quite so rapid but are faster than any other method with the possible 
exception of the star altitude curves which are limited to 3 stars. 

(4) No tables or reference books are needed except the Air Almanac. 
This book is needed when using the stars, moon, and plancts. 

(5) May be used as a star identifier and to solve problems in great 
circle flying. 

(6) LOP’s may be found without using altitude intercept. 

(7) Is specially useful when constructing altitude curves. 

1. Limitations.—(1) In its present stage of refinement, the accuracy 
of the computer may vary up to +6’ even though extreme cere is used 
in setting up the elements. 

(2) Is subject to mechanical failure. To recognize derangement, 

especially when the error is small, requires a thorough knowledge of 
celestial navigation. 

(3) Is heavy (20 pounds) and bulky. 

(4) Is expensive. 

(5) Will not vield azimuth directly. 
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Section VII 
POSITION LINES 

Paragraph 
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52. General.—a. History.—The method of navigation mvolving 
the use of position lines was discovered by Captain Thomas H. 
Sumner, an American shipmaster, in 1837. In honor of its discoverer 
the position line is often called the ‘“‘SSumner line.”’ 

b. Use.—(1) As first used the position line was a chord drawn 
through two points on the position circle that were determined by 
computation. Two separate computations were thus required (one 
for each point) before the position line could be plotted. This same 
principle is involved in the A-3 and A-4 computer solutions when 
they are used to find where the observer’s circle of position cuts two 
parallels or two meridians. Such a method is cumbersome and 
lengthy when computations are made by hand but it was practical in 
the sailing ship era due to the slow speeds of the craft. 

(2) In present tabular methods such as Ageton the position line is 
a tangent to the position circle and only one computation 1s necessary 
to lay down the line. The tangent method was conceived by Marq. 
St. Hilaire, a French navigator. 

58. Comparison with older marine methods.—«c. The practice 
of navigation using position lines was slow to be adopted, and to this 
day is not universally employed. A surprising number of present 
day merchant marine navigators employ the time-sight method to 
determine longitude and the ®’6’’ and meridian altitude methods for 
determining latitude. 

(1) When using the time-sight method, the latitude of the vessel is 
assumed, declination of body is found from the Air Almanac, and the 
altitude of body is measured; these knowns enable the navigator to 
solve for longitude. It is most accurate when the observed body 
occupies a position on or near the prime vertical. 

(2) When using the ®’6’’ method, the longitude of the vessel is 
assumed, declination of body and its altitude are known, and knowl- 
edge of these three quantities enables the observer to determine 
latitude. 

(3) When using the meridian altitude method the body is observed 
as it is transiting the observer’s meridian and latitude is obtained by 
combining altitude and declination. 
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b. When using the ’6’’ and time-sight methods, the location of 
vessel’s position is defined by an assumed coordinate and an astro- 
nomically determined one. Since the geographical coordinates of 
latitude and longitude are mutually dependent in celestial naviga- 
tion, an error in the assumed coordinate causes an error in the coordi- 
nate determined by astronomical means. The dead reckoning of a 
surface craft is much more reliable than that of an aircraft. Since 
the assumed coordinate in surface navigation is reliable within close 
limits, the computed one may be accepted with a fair measure of 
confidence. Furthermore, the surface navigator waits to observe 
until the selected body is in such a position that the error in the com- 
puted coordinate caused by an error in the assumed one, will be of 
least magnitude. Though the above methods are quite acceptable 
in surface navigation, they are unsuited for use in the air first, because 
inaccuracies of aircraft dead reckoning are such as to render the 
correctness of the assumed coordinate extremely doubtful, and second, 
the air navigator must work at a speed which often precludes his 
waiting for a body to occupy the most favorable position in the 
heavens. 

c. The position line is valuable to both sea and air navigator 
because it furnishes a knowledge of all probable positions of his craft 
whereas a sight worked with a single assumed latitude or longitude 
gives but one of the probable positions. Furthermore, an error in 
the assumed coordinate will almost invariably exist and its possible 
affect must be taken into account. By contrast, location of the 
Sumner line is practically independent of any error in the observer’s 
assumptions and for this reason, and others which will be pointed out 
later, the line of position offers several advantages over the old 
marine sights. 

54. Fix by position lines.—a. Selection of bodies.—If position 
lines determined from simultaneous observations on two visible 
bodies are plotted on the chart the lines will intersect, and assuming 
that there are no errors in observing, computing, or plotting, the 
observer’s position will be at the intersection. When selecting two or 
more bodies for observation, the difference in azimuth between them is the 
first consideration. Since a position line passes through the observer’s 
position at right angles to the direction he faces when observing, it is 
obvious that the position lines of two observed bodies intersect at an 
angle equal to the difference in azimuth between the bodies. Thus, 
if two bodies 90° apart in horizontal angle or bearing are selected, the 
resulting position lines will intersect at 90° and the effect of an error in 
measuring altitude will be held to a minimum. 
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(1) Figure 31 shows two position lines intersecting at an angle of 
90°. The effect of a 5-mile error in one or both sights is shown by the 
dotted lines. If only one line is in error, the position obtained will 
be at the intersection of a full and dotted line and can he only 5 miles 





Fiaure 3).—Effect of error in observation with bodies differing 90° in azimuth. 


from the true position. If both are in error 5 miles, the maximum 
error will be about 7.06 miles. 

(2) Figure 32 shows the effect of an error of 5 miles at a cut of 30°. 
If only one line is in error the fix will occur at one of the points marked 





FIGURE 32.—Effect of error in observation with bodies differing 30° in azimuth. 


F about 10 miles from the true position. If both lines are in error 
5 miles, it will occur at one of the points marked G and will be either 
5.2 or 19.4 miles from the true position, depending on the directions 
of the errors. It is apparent from the figure that cuts of less than 30° 
should be avoided if possible. 

6. If three simultaneous position lines such as shown in figure 33 
are determined, the true position may be reckoned to be somewhere 
within the shaded triangle. An ideal fix of three stars would be 
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obtained from observing on three bodies whose azimuths differ by 60°. 

c. Obviously a fix may be determined by crossing a celestial line 
of position with a terrestrial or radio bearing, provided all LOP’s are 
resolved to a common instant of time. 

d. Nonsimultaneous sights.—Sights cannot be taken simultaneously 
because it is physically impossible for the navigator to observe on two 
or more bodies at the same time. Also, it may be that two heavenly 
bodies are not visible at the same time as occurs frequently in the 





FIGURE 33.-—Fix by observations on three bodies. 


daytime or at night when the sky is nearly solidly overcast. In this 
event, the two methods of procedure are— 

(1) First—This method is convenient when both bodies are visible 
so that there is no pronounced lapse of time between sights. An 
observation (mean of a series of individual sights; see par. 60) is made 
on the first body, then with as little delay as possible the observer 
switches and observes the second body; then again observes the 
first body. By bracketing the observation of the second body in 
this manner, it is possible to determine what the altitude of the first 
body would have been had it been observed at the same instant of the 
observation on the second body. This may be done graphically as 
described in paragraph 60. Having resolved the observations to a 
simultaneous time, the two position lines may be computed and 
plotted and their intersection will mark the observer’s position at 
the instant of time common to both observations. 

(2) Second.—(a) The following procedure is known as the running 
jfiz method and may be used conveniently in plotting all fixes. An 
observation is made on the first selected body and the line of position 
plotted. The second body is observed and the second line of position 
plotted. Now the first line of position is advanced the distance that 
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the aircraft has moved between the instant at which the first sight 
was taken and the time of the second line of position. The inter- 
section of this advanced line of position and the second line of position 
is the observer’s position at the time of the second observation. It 
must be remembered when advancing a line of position that it must 
be moved parallel to itself along the course line a distance equal to 
the product of the ground speed and the elapsed time between sights. 
Since the ground speed and the course being made good are obtained 
from the dead reckoning, any error in the DR will cause an error in 
locating the advanced line of position. Because of the unreliability 
of aircraft dead reckoning, the possible effect of DR errors on the 
resultant fix should be considered carefully. 





Figure 34.—Running fix. 


(6) Figure 34 illustrates a running fix. An airplane making 120 
knots on course of 120° takes a sight on the sun at 11" 00™ and plots 
the LOP. He observes the moon at 11" 15™ and plots the moon 
LOP. He advances the sun LOP to the position shown, thus obtain- 
ing a fix at 11" 15™. It may be seen readily that the method used in 
advancing or retarding a celestial line of position is identical with the 
procedure used in handling terrestrial and radio bearing lines. 

e. Running fix on single body.—-If a position line is obtained from 
an observation it may be carried forward and made to intersect with 
i} position line obtained by a later observation of the same body. 
The change of azimuth of the body during the interval between the 
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observations will be accompanied by a like change in the direction of 
the position lines of the two observations and the two lines will 
consequently intersect. The disadvantage of this method from an 
aerial navigation standpoint lies in the fact that in order to get a 
satisfactory intersection the observations should be made at an 
interval of 2 hours and any error in the dead reckoning during the 
interval will result in the advanced line of position being inaccurately 
located. However, this method is frequently used during daylight 
when only the sun is visible. A running fix of this type is of greater 
value when the body’s azimuth is changing rapidly for the reason 
that the elapsed time between sights may be shortened. A body will 
be undergoing greatest change in azimuth when it is transiting the 
observer’s meridian and the nearer it is to the observer’s zenith the 
more rapid will be the change. Assuming a 2-hour interval between 
sights, two LOP’s on the sun during mid-day hours will have a sharper 
cut than two LOP’s obtained in the early morning or late afternoon. 

55. Use of single position line.—a. A single line of position is 
nothing more than the locus of the possible positions of the aircraft. 
Suppose that for a given instant an observation is solved using the 
DR position and a line of position is obtained, and that the altitude 
intercept is zero (0) so that the line passes directly through the DR 
position. This does not prove the DR position is the observer's 
actual position. It may be argued that since the DR position is 
found to lie upon a line of position obtained by observation that 
there is a strong probability that the DR position is the true position 
of the aircraft. Nevertheless, so many variables enter into the dead 
reckoning of an aircraft that it may be argued just as emphatically 
that the aircraft’s position is somewhere else on the line of position. 
Although a single position does not give a fix, it does yield valuable 
information to the navigator. 

b. Selection of bodies.—Selection of bodies for observation so that 
resulting lines of position will yield the information the navigator 
wants is one of his most important duties. In selecting bodies for 
observation the navigator should bear in mind that the line of position 
will always lie at right angles to direction of observed body. Hence 
if the navigator desires a check on the airplane’s course, he will 
observe on a body bearing at right angles to the course. If he desires 
a check on distance travelled, he will observe a body which is more or 
less in prolongation of the fore-aft axis of the aircraft. Similarly, 
his longitude may be checked by observing on a body bearing east 
or west, and latitude by observing on a body bearing north or south. 
Bodies which bear in intermediate positions to the foregoing result 
in position lines which are more difficult. to interpret but considered 
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in the light of other available information nevertheless contribute 
considerably to navigation of the aircraft. 

ce. Interpreting single lines.—A navigator takes his observations and 
performs the necessary computations solely to assist him in answering 
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FIGURE 35.—Position lines intersecting course line at various angles. 


the question ‘““Where am I?”’ It is quite obvious that the effort he 
expends to obtain position lines is largely wasted unless he can properly 
interpret their meanings. Figure 35 shows position lines cutting the 
flight line at various angles. Each of the cases pictured should be 
analyzed, assuming the DR ground speed and drift alternately in 
error and keeping in mind the ever likely error in the plotted position 
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line resulting from bubble acceleration in the sextant. DR positions 
have been used as the assumed positions in the figure. 

d. Landfall by use of single position line (fig. 36).—(1) When but 
one body is visible in the sky and the DR is somewhat uncertain, it 
is frequently desirable to fly along a position line to the destination 
as illustrated in figure 36. In doing this, it is customary but not 
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FIGURE 36.~—Celestial landfall. 


necessary to use the destination as the assumed position in solving 
the astronomical triangle. As the plane nears the objective the 
navigator takes a sight, and using the objective as the assumed position 
finds the computed altitude and azimuth. Comparison of the 
observed and computed altitudes gives him the intercept distance. 
According as his observed altitude is less or greater than the computed 
one, the navigator takes up a course of the azimuth or its reciprocal, 
respectively, flying for a distance equal to the intercept. This places 
him on the position line passing through the desired objective. Once 
on this line the course to the objective is the azimuth plus or minus 
90°. Any objective can be picked up in this manner, providing the 
navigator knows upon which side of the objective he is situated. 
Even though the dead reckoning is somewhat uncertain, by flying far 
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enough to one side of the objective the navigator can assure himself 
beyond all reasonable doubt that he is on one side or the other of his 
desired destination and may use this method. If this method is used 
when an extreme distance from the objective or when a body is quite 
high in the sky, it must be repeated occasionally due to the curvature 
of the position circle. It must be remembered that the position line 
can substitute for the circle only over a moderate distance, this dis- 
tance being less as the position circle becomes smaller (that is, as the 
body approaches nearer the zenith). 

(2) Since the foregoing method of making a celestial landfall is 
more or less dependent upon a single observation, the method pre- 
scribed for accomplishing the same end by using a precomputed alti- 
tude curve as described in paragraph 88d(2)(a) is considered superior. 
The precomputed curve permits the navigator to devote more time to 
the all important sextant observations and less to computations in 
the air. The rapidity with which these observations may be inter- 
preted by comparison with the curve gives the navigator an almost 
continuous check until the very destination is reached. 


Section VIII 
SEXTANT AND ERRORS OF OBSERVATION 
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56. Sextant.—a. Definition.—(1) The sextant is an instrument 
designed to measure angles subtended at an observer’s position by 
distant objects. Although sextants may be used to measure the angle 
between any two visible objects, the aerial navigator seldom has occas- 
ion to use the sextant for any purpose other than the measurement 
of altitude of a heavenly body. Therefore it may be said that insofar 
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as applied to air navigation, the sextant is an instrument for measuring 
the altitude of celestial bodies. 

(2) Octants, quintants, and quadrants are instruments which serve 
the same purpose and operate on the same optical principle as the 
sextant. An octant is capable of measuring angles up to 90°, a sex- 
tant up to 120°, a quintant up to 144°, and a quadrant up to 180°. 
Most aircraft instruments are the octant type. Air navigators com- 
monly use the word “sextant” when referring to the octant. ‘The 
two terms are used synonomously in this manual. 





FIGURE 37.—Principle of the sextant. 


b. Description (fig. 37).—Although air navigators no longer use 
marine type sextants, a diagrammatic sketch of one is shown in figure 
37 to illustrate the principle upon which all altitude measuring instru- 
ments operate. The essential parts are— 

(1) Arc or limb, QQ, of something more than a sixth of a circle. 
This limb is provided with a scale graduated to read degrees and 
fractions of degrees. The scale is graduated to read 2° for each degree 
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of the arc the index arm moves owing to the optical principle of the 
sextant. 

(2) Index arm, AD, arranged to pivot about the exact center of 
curvature of the limb, QQ. At the lower end of the index arm is a ver- 
nier for reading the scale more accurately. In modern sextants a 
tangent screw and a micrometer drum replace the vernier for more 
accurate reading. The upper end of the index arm is fitted with a 
mirror, A, called the index glass, the plane of which is perpendicular 
to the plane of the limb. 

(3) Horizon glass, B, fixed to the frame of the sextant. The half 
of this glass next to the frame is a mirror and the other half is clear 
glass. 

(4) Telescope, Z, to direct the line of sight of the observer and to 
magnify observed objects. 

c. Optical principle.—(1) A principle of optics states that ‘when a 
ray of light is reflected from a plane surface, the angle of incidence is 
equal to the angle of reflection.” From this it may be proved that 
when a ray of light undergoes two reflections in the same plane the 
angle between its first and its last direction is equal to twice the in- 
clination of the reflecting surfaces. Upon this fact the construction of 
the sextant is based. 

(2) If it is desired to measure the angle SMH (fig. 37) between the 
horizon and some celestial body as the sun, S, the observer looks 
through the clear part of the horizon glass at the horizon in the line 
MH. He then moves the index arm until the light from the sun is — 
reflected in the line SABM so that the image of the sun is seen in the 
horizon mirror tangent to the horizon seen through the clear glass. 
The final direction of the ray of light from S is BM and the angle 
between its first and last directions is SMB or SMH. According to 
the law of optics angle SMH is equal to twice the angle ACB, the 
angle between the reflecting surfaces. Since BC and AO are parallel, 
the angles ACB and CAO are equal. Therefore, angle SMH equals 
twice the angle CAO or angle CAO equals one-half angle SMH. 
Angle CAO is the angle through which the index arm has been moved 
along the limb from the zero mark and since the arc of the limb be- 
tween zero and D measures the angle CAO, the arc is graduated so 
that one-half of a degree reads as 1° and the double value of its 
markings is carried along its whole length, making it possible to read 
the value of the angle SMH directly from the limb. Thus it is seen 
how, due to double value of the limb’s graduations, the sextant with a 
limb of 60° is capable of measuring angles up to 120°. 
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(3) The foregoing explains why limbs of octants, quintants, and 
quadrants, arcs of which are 45°, 72°, and 90°, respectively, are capable 
of measuring angles of 90°, 144°, and 180°, respectively. 

d. Inmitations of marine type—The marine type sextant (shown 
diagrammatically in fig. 37) is not suitable for aircraft use except on 
those rare occasions when the airplane is flying over the sea at a very 
low altitude (less than 1,000 feet). Since the instrument employs the 
sea horizon as a reference line, it is of no practical value when the 
aircraft is flying over land, over clouds or haze, or at high altitudes 
when sky and sea tend to blend into each other and do not form a 
clear-cut horizon line. Even when the sea horizon is clearly visible 
from relatively high altitudes, the altimeter does not indicate height 
of the airplane with sufficient reliability to determine height of eye 
(dip) correction accurately. Furthermore, the marine type sextant 
cannot be used at night when the natural horizon is not visible. Some 
types of marine sextants are equipped with a bubble leveling attach- 
ment and light, thus enabling a heavenly body to be observed day or 
night regardless of whether the natural horizon is visible. 

57. Aircraft octants.—Because of difficulties encountered in 
using the sea horizon when operating from an airplane, all aircraft oct- 
ants have embodied within themselves some mechanical device for indi- 
cating the horizontal. The artificial horizon instrument may employ 
any one of several devices for indicating the horizontal. These devices 
may be classified as gyroscopic, pendulus, and bubble horizons. 

a. Gyroscopic.-—Gyroscopic octants are still in the experimental or 
service test stage. The size and weight of present day gyroscopic 
models make them unwieldy to use in any aircraft which is not pro- 
vided with a special observation dome. Furthermore, they are 
mechanically complicated and if not functioning properly require the 
services of an instrument expert to make repairs and adjustments. 
An additional disadvantage is that once the octant has been tilted 
beyond a certain angle considerable time is required for the erecting 
mechanism again to indicate the horizontal. Regardless of these 
disadvantages gyroscopic octants present great possibilities because 
only one sight rather than a series need be taken on a heavenly body 
for each line of position, thus reducing the time required for each 
observation. 

6b. Pendulus.—No pendulus octants of sufficient ruggedness for use 
in aircraft have been developed. No octants of this type have been 
issued to the Air Corps. 

c. Bubble.—Octants most used in the Air Corps are the bubble type. 
Development has been concentrated on bubble octants principally 
because of their simplicity. 
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68. Bubble octant.—a. General description — The bubble octant 
is an instrument in which the horizon is indicated by a bubble, this 
horizon being a plane through the observer’s eye perpendicular to the 
vertical at his position. In addition to being provided with an artificial 
horizon, most bubble octants are so constructed as to permit the 
navigator to use the natural horizon. This feature is particularly 
useful when observing during rough air conditions, provided of course 
that satisfactory conditions of visibility prevail. When using the 
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Ficure 38.—Collimation. 


bubble horizon the image of the celestial body is caused to coincide 
with the center of the bubble, and a recording counter or graduated 
arc enables the observer to read off the altitude of the observed body 
above the bubble horizon. This coincidence of body and bubble is 
known as “collimation.’”’ The optics of bubble octants are so desig- 
nated that collimation must not necessarily take place in the middle 
of the field (see fig. 38). (The optics of some types of bubble octants 
are arranged so that the image of the body may be viewed direct in 
which case the image of the bubble is reflected; the angle read is the 
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same no matter which of the images is reflected.) Artificial lighting 
permits the instrument to be used by night as well as day. Although 
the various types of octants have all been designed with a view to 
providing satisfactory ruggedness, it should be remembered that they 
are delicate and accurate optical instruments and should be given as 
much protection against abuse as possible. The description, opera- 
tion, and care of the specific types in current use in the Air Corps 
are given in detail in paragraphs 62 to 66, inclusive. 

b. Accuracy.—Even when the octant is leveled on the visible ho- 
rizon, bubble octants are not as accurate as the large, well-made 
marine type sextants principally due to the fact that a certain degree 
of refinement must be sacrificed when constructing an instrument 
which is small enough and light enough to be handy in cramped 
quarters. A marine type sextant will give altitude correct to 1’ 
whereas a bubble octant using the visible horizon cannot be depended 
upon for an accuracy greater than 2’ or 3’. When used in an airplane 
with the bubble horizon, acceleration errors greatly reduce accuracy 
of sights, due to inherent defects of the physical principle involved. 

59. Bubble acceleration error.—The horizon elements of bubble 
sextants, and pendulus and gyroscopic sextants as well, are dependent 
upon the gravitational attraction of the earth. Unfortunately for the 
air navigator the force of gravity and the force resulting from accelera- 
tions of the aircraft combine, forming a resultant force to which the 
horizon indicating element responds. When the force of the aircraft’s 
acceleration is present it cannot be isolated from that of gravity, and 
under these circumstances the indicating mechanism does not indicate 
the horizontal. For this reason altitudes measured with reference to the 
bubble horizon are not as accurate as those obtained with the mariner’s 
sextant. Bubble acceleration error may be classified as transient and 
Coriolis’ type. 

a. Transient.—Transient type of error occurs when the airplane is 
slipping, skidding, turning, changing air speed, etc. Transient ac- 
celeration is particularly noticeable when flying in rough and bumpy 
air. The navigator often cannot sense when these transient acceler- 
ations are acting upon the bubble. Furthermore, unless he knows the 
airplane’s location he has no way of determining the amount of error 
introduced. It is existence of transient accelerations which make the 
actual taking of the sextant observation the most difficult and least ac- 
curate step in celestial navigation procedure. To avoid sluggishness 
it is essential that the bubble be adjusted to a fairly large size, about 
¥% inch. The larger the bubble the more difficult it is to keep it in 
approximate center of the field. Accelerations of short duration cause 
the bubble to move rapidly from one location to another in the field of 
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view while accelerations of longer duration often have a steadying but 
equally erroneous influence on the bubble. . These latter accelerations 
react less noticeably on the bubble than the short, rapid ones and 
often lead the observer to feel that he has taken an excellent sight 
when such is not the case. The error in a single observation resulting 
from transient accelerations may be and frequently is excessive, often 
amounting to as much as 1° or 2° (60 to 120 miles). To reduce errors 
caused by transient accelerations it is universal practice to take the 
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Ficure 39.—Correction to lines of position for deviation from vertical (Coriolis’ type acceleration). 


average of a number of readings, thus permitting the law of averages 
to operate. 

b. Coriolis —(1) Apart from the transient accelerations encountered 
in flight, a determinate, persistent acceleration exists which causes 
rapidly transported gravity-operated mechanisms (gyros, pendulums, 
bubbles, etc.) to indicate a false zenith, that is, the bob of a pendulum 
carried in rapid flight does not hang vertical but is deflected to the 
right with respect to the track of the airplane. This acceleration is 
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the Coriolis’ type, named after the physicist who expounded the 
principles involved. The Coriolis’ acceleration is— 

(a) Directly proportional to the ground speed. 

(6) Directly proportional to the sine of latitude. 

(c) Directly proportional to the angular rate of earth’s rotation (a 
constant). 

(d) Wholly independent in magnitude of direction of flight. 

(e) Always directed perpendicular to track. 

(f) Directed to left of track in the Northern Hemisphere and to 
right in the Southern. 

(2) To facilitate the correction to compensate for the Coriolis’ error, 
the following table has been computed. If the ground speeds in the 
table are taken as statute miles, the tabulated corrections are likewise 
in statute miles. If the ground speeds are regarded as knots, the 
tabulated values are distance corrections in nautica] miles and also 
minutes of arc deviation of the vertical. To correct for the accelera- 
tion, all celestial position lines are translated according to instructions 
contained in the note. 
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(3) Figure 39 shows that the crror is corrected by translating all 
celestial position lines an amount equal to the tabulated error. The 
original and corrected position lines in the figure are dotted and 
solid, respectively. Observations directly to the rear (or forward) 
are not affected by the error. The positions of ‘such lines should 
therefore be unchanged by the translation (note that the line is slid 
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along itself). Lines from observations taken abeam suffer the 
greatest change in position. The positions of other lines are altered 
an intermediate amount by translation. 

(4) To avoid confusion, the examples of plotted lines of position 
occurring throughout this manual are not corrected to account for 
Coriolis’ type acceleration. It must be remembered, however, that 
when flying at high speeds in high latitudes the correction must be 
made on all bodies unless they bear directly to the front or rear of 
the airplane. 

60. Averaging sights.—a. Accuracy.—Experience with the bubble 
octant indicates that considerable skill and experience are essential 
to achieve successful observations. While the accuracy of individuals 
will vary somewhat, it has been proved that in most cases, accuracy 
increases in direct proportion to number of sights taken. Prior to 
making observations in the air, the observer should have considerable 
practice on the ground. In many respects taking sights resembles 
rifle shooting, and ground sights may be compared to short range 
work with the rifle. In the air, most observers prefer to take a series 
of sights at short intervals and to average the time and altitude. 
The number of individual sights comprising a group usually varies 
from 5 to 25. The number taken depends upon several factors, 
namely, time required to make observations, degree of accuracy 
desired, condition of the air, nearness of the observation dome to 
aircraft’s center of gravity, type of octant used, skill of observer, and 
the method of averaging. The following table gives a rough approxi- 
mation of the accuracy that reasonably may be expected from taking 
the means of a varying number of sights under normal flying condi- 
tions. This table must not be accepted as exact. 
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6b. Methods.—Three methods of averaging sights are employed, 
arithmetical, graphical, and median. 

(1) Arithmetical.—In the arithmetical method altitudes and times of 
a number of sights are averaged arithmetically and the mean used as 
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the observed altitude at the mean time. Obviously, this method does 
not exclude wild sights for each observation is given equal weight. 

(2) Graphical—In averaging sights by graphical means, the in- 
dividual sights are plotted on coordinate paper using altitude and time 
as coordinates. The altitude and corresponding time of any point of 
the best representative curve drawn through the plotted points may 
be assumed to be the sextant altitude at that particular instant. 
Obviously, plotting altitude against time for a large number of sights 
is a laborious and time-consuming practice. Also, accuracy is sacri- 
ficed in representing altitude and time graphically unless a very large 
scale is used. Regardless of this, there is a definite advantage to hav- 
ing the pictorial representation because wild shots are indicated by 
their departure from a smooth curve. 

(3) Median.—(a) In the median method it is customary to record 
the time at the beginning and end of the series only. An odd number 
of sights, usually 11, are taken, and instead of recording the degrees 
and minutes of each shot, the sight is plotted along a vertical line which 
is graduated to degrees and 5- or 10-minute intervals of degrees and 
which is of sufficiently large scale so that sights may be plotted to the 
nearest minute by eye. After completing the series the middle sight 
(the 6th from top or bottom if 11 shots comprise the series) is taken 
as the mean altitude. The times at the beginning and end of the 
series are averaged and the mean is used as the time of the observation. 

(6) The median method is not quite so accurate as the straight 
graphical or the arithmetical. However, when using the median 
method there is little or no actual loss of accuracy because the rela- 
tively greater number of shots taken in a short period of time more 
than makes up for the theoretical inaccuracies of the method. 

c. Mechanical devices.—To speed up the process of obtaining the 
sextant altitude and to eliminate much of the mental fatigue falling 
to the navigator’s lot, mechanical averaging devices have been in- 
corporated in several types of octants. Some of these averagers give 
the arithmetical mean while others use the median principle. Median 
octants are still in the service test stage of development. The de- 
scription and operation of the devices in current use in the Air Corps 
are given in paragraphs 62 to 66, inclusive, which describe the octants 
on which they are incorporated. 

61. Instrument errors.—Octants are subject to two instrument 
errors, index and bubble. 

a. Index.—Index error is an instrument error caused by position of 
index glass not being properly recorded on the counter. This error 
affects every reading for altitude regardless of the horizon employed. 
Such an error would exist if (see fig. 37) the index arm did not fall 
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exactly at zero on the scale when the index mirror and horizon mirror 
were parallel. Index error may be eliminated by bringing the re- 
flected image and projected image of a distant body or object into 
coincidence, and then resetting the counter (index arm) to zero. If 
the sextant is not provided with means of adjusting the counter, the 
_ reading of the scale when reflected and projected images of a distant 
object are coincident must be noted and necessary correction applied 
to each sextant altitude. | 

6b. Bubble.—(1) Bubble error is an instrument error caused by the 
bubble failing to indicate the true horizontal position when the accel- 
eration of gravity only is influencing it. This error should not be 
confused with bubble acceleration errors of transient or Coriolis’ 
types. When the bubble in an instrument having bubble error is 
centered, the instrument is tipped slightly out of the plane of the true 
horizon. If tipped up, the instrument records too small an altitude 
angle and vice versa. Bubble error may be reduced to zero by ad- 
justing the zero reference line (lubber line) of the scale, or it may be 
eliminated by realining the bubble chamber or by adjusting the 
mirrors. On certain octants the latter procedure is quite difficult 
and great care must be exercised to avoid damage to the instrument. 
If the zero reference line or mirrors are adjusted to give zero bubble 
error, an index error may be put into the instrument and it should be 
determined as described in a above. Some aerial navigators feel 
that since they use the bubble horizon practically 100 percent of the 
time, it is entirely sufficient to adjust the instrument so that when 
employing the bubble horizon the sextant correction is zero. This 
condition may be attained as described in (2)(a) below without regard 
for whether the reflected and projected images of a body coincide 
when scales are set on zero. 

(2) The magnitude of the bubble error may be determined by 
several methods, three of which are discussed below. 

(a) First.—A distant point at the same level as the sextant may be 
determined by a surveyor’s level or some other accurate means. By 
turning the drum (tangent screw) of the sextant, the reflected image 
of such a point is made to coincide with the bubble’s center. Re- 
cording of instrument should read zero when above coincidence has 
been established. If not, a bubble error exists, its magnitude being 
the amount by which the recording dial fails to read zero. 

(b) Second.—In this method the sea horizon 1s used as a reference 
level. The procedure is the same as that used in the first method. 
If the eye cannot be placed within 2 or 3 feet of the water’s surface to 
eliminate nearly the effect of dip (see par. 70), the dip correction must 
be taken into consideration. The reflected image of the horizon may 
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be placed tangent to the upper and lower limbs of the bubble and dial 
readings corresponding to these settings recorded. The amount by 
which each recorded reading differs from zero is determined and half 
their difference is taken as the bubble error. If, on the other hand, 
the reflected image of the visible horizon is made to coincide with the 
center of bubble, the reading of the dial will be the bubble error. The 
tangent method is preferable because it is usually easier to place the 
reflected image of the horizon tangent to bubble than to place it 
through the center of the bubble. In either case, allowance for dip 
must be made if the eye is not quite close to the water’s edge. 

(c) Third.—Perhaps the most satisfactory method of determining 
bubble error is by observing on a celestial body, that is, at a point of 
known latitude and longitude a number of observations of the heavenly 
body are made, and the time and sextant altitude of each observation 
are recorded. The instrument should be held as steadily as possible 
while making these observations. This condition may be assured by 
resting the instrument on or against a rigid support. The means of 
times and altitudes are then determined by one of the methods de- 
scribed in paragraph 60. Using the known latitude and longitude as 
the assumed position and the mean time of observations as the proper 
instant, the astronomical triangle is solved for altitude by one of the 
various methods at the navigator’s disposal. The mean of altitudes 
of observation properly corrected for errors of observation (refraction 
and/or parallax) is then compared with computed value. The inter- 
cept equals bubble error. The amount by which instrument reads 
high or low will be clear upon comparison of altitudes, the sign of nec- 
essary correction thus being made apparent. It 1s seldom that the 
bubble error of an instrument as determined in the last described 
manner by two observers will agree.’ Obviously, the difference in 
errors determined by two observers must be personal error. Most 
observers agree that there is a personal error which is fairly constant 
but in no way related to instrument error. It is seen readily that 
determination of bubble error by actual observation of a celestial 
body is the most satisfactory method, provided the observer subse- 
quently uses octant for which he himself has computed the errors. 

c. Checking instrument adjustment during flight —Study of the fore- 
going methods of determining index error and bubble error will show 
that adjustment of the scales for index error may be determined easily 
whether in flight or on the ground due to the fact that the object 
sighted need not be at the same level as the octant. Bubble error 
cannot be determined or checked in flight unless the exact geographical 
location of the airplane is known, and even then it is an extremely 
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arduous and inexact process due to the many accelerations in addi- 
tion to gravity acting on the bubble. 

62. Octant, A-5 (fig, 40@ and @).—a. General_——The A-5 
octant is a simple, rugged, compact, and accurate instrument. It 
may be used either day or night, and as a bubble or horizon sextant. 
The optical system has been designed so as to include a wide field 
of vision. The optics are so arranged that collimation of the bubble 
and the image of the observed body may be accomplished in any 
part of the field without introducing serious error. In daylight the 
bubble receives outside light through a translucent ring. For night 
work no artificial light other than that furnished by radium paint 
is necessary. At night the bubble appears as a faintly illuminated 
ring in an absolutely dark field. Stars of first and second magnitudes 
may be observed satisfactorily. The main weakness of this instru- 
ment is that it employs the make-and-break type of bubble. This 
kind of bubble works well except that it requires extra time for 
adjusting before each series of observations and unless carefully 
handled often gives trouble. The size of the bubble varies with 
temperature, and the vibration within the plane frequently causes 
the bubble to leave the level chamber. Until an observer acquires 
the knack of forming and adjusting the bubble, there exists an ever 
present chance of damaging the bubble assembly. A second dis- 
advantage of this instrument is that it does not permit a direct view 
of the body while collimating which sometimes renders star identifi- 
cation difficult. The complete description, operation, and mainte- 
nance instructions pertaining to the type A—5 octant are given in Air 
Corps Technical Order 05-35-4 dated February 15, 1937. 

6. Description.—(1) The instrument consists substantially of a 
rotatable prism rigidly connected to a worm arc meshing with a worm 
operated by a control knob. The latter’s periphery is divided into 
ten major parts each reading 1°, and subdivided into twelve parts 
each reading 5’ of arc. 

(2) The limb of the arc is visible through a window and carries a 
graduation line for each 10°. When reading the instrument the tens 
of degrees are taken through the window while the units of degrees 
and minutes are read directly from the micrometer drum. 

(3) The telescope system consists of an objective lens, a total 
reflection prism encased in a body, a bubble chamber surrounded by 
an illuminator ring, and the eyepiece. 

(4) The stationary prism is used when taking sights on the sea 
horizon. 

(5) The bubble chamber located in the optical system consists of a 
vessel with transparent walls around which the illuminator is placed. 
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The vessel communicates with the diaphragm chamber, the dia- 
phragm of which is operated by a knurled nut. The vessel and 
diaphragm chamber are entirely filled with a transparent liquid and 
the purpose of the nut is that of forming a bubble and controlling 
its size. 

(6) The eyepiece proper, consisting of a 45° prism and lens, has 
been made rotatable around the vertical axis to permit observation 
to the rearward without compelling the observer to assume strained 
positions when observing from a cramped compartment. The eye 
buffer has also been made rotatable so as to accommodate the left 
or right eye. 

(7) The telescope objective lens is equipped with a shutter oper- 
ated by means of a knob, the function of this shutter being that of 
preventing vision through the stationary prism when using the 
artificial horizon, and when out of the way permitting vision through 
the same prism when the natural horizon is being observed. 

(8) A rotatable disk carries a number of colored screens to be used 
when observing the sun and a blank hole to be used when observing 
stars, the moon, or terrestrial objects. 

(9) The function of the astigmatizer is that of elongating the image 
of the sun or moon to a band of light about 3° long, and the image of a 
star to a line of light of the same length. This renders the observa- 
tions more accurate in certain cases by enabling the observer to bisect 
the bubble with the line formed by the astigmatizer rather than requir- 
ing that the true image of a star or of the sun be brought to the same 
horizontal level as the bubble by placing the two objects side by side. 

(10) A lamp has been provided for illuminating the scales and the 
record pad. The lamp holder will be found in a screw receptacle in 
the cover of the box. It should be inserted in the threaded hole under 
the micrometer drum. The battery should be inserted in the clip 
under the telescope. The center (or carbon) electrode should make 
good contact with the long spring located under the horizon prism, the 
bottom of the battery resting against the short spring under the 
telescope. The contact button for lighting the lamp is located on the 
inner left face of the instrument frame slightly above and forward of 
the horizon prism. The lamp should be turned so as to give the most 
suitable illumination, that is, with the large slot toward the scales 
and the data pad. 

c. Operation.—(1) Use with bubble horizon.—(a) Place the eye at 
the eyepiece with octant level and ascertain whether the bubble is in 
the field of vision. If the bubble is present, adjust it for size by turn- 
ing the knurled nut to compress or expand it. This preliminary 
check is important in that extra care is essential in operating the 
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knurled nut to avoid damage. Frequently the bubble is already in 
the field of view but it may be so large as to cover the entire field and 
thus not be apparent to the observer at first glance. If the bubble is 
not in the field of vision, the bubble must be formed. 

(6) Create the bubble by holding the instrument on its side with 
the bubble diaphragm at the bottom and turn the knurled nut in the 
direction ‘increase’ bubble (clockwise) slowly, until the bubble 
diaphragm clicks, being careful not to force the nut. The click cannot 
always be heard because of other noises within the airplane but. is 
nearly always “‘felt”’ by the fingers in contact with the knurled nut. 
While forming the bubble it is advisable as an added precaution to 
place the eye at the eyepiece. By so doing formation of the bubble 
may be seen as well as heard and felt. As soon as the click occurs, 
the instrument should be uprighted and the bubble should be seen 
through the telescope eyepiece. If the bubble fails to appear in the 
telescope it means that the bubble is already formed inside the 
diaphragm chamber and must be compressed to a smaller size in order 
to allow it to flow through the tube connecting the diaphragm chamber 
to the level chamber. This is done by turning the knurled nut in the 
“decrease” (counterclockwise) direction until resistance is felt. Do 
not forget to bring the octant on its side to let the bubble run through 
and gently shake the instrument while turning the nut. In extreme 
temperatures it may happen that the bubble is difficult to form. In 
such cases the remedy is that of partially unscrewing the diaphragm 
cap so as to increase the outward pull on the diaphragm. Once the 
bubble has appeared, adjust it for size. The preferred size is when 
the bubble diameter is about twice as large as the disk of the sun as 
viewed through the telescope. 

(c) Move horizontal control stud away from “horizon,” that is, to 
the right. 

(d) For day observation on the sun move the astigmatizer control 
either to the “in” or ‘‘out”’ position, as preferred. For night observa- 
tions turn astigmatizer to the “‘out’’ position, that is, clockwise. After 
the body is identified the astigmatizer may be thrown to the “in” 
position. The control should always be carried in the “out”’ position 
when observing the moon, except when the full disk of the moon is 
visible and fully illuminated. 

(e) Turn the screen wheel until the desired shade screen appears. 
Use clear (no screen) for night observations. 

(f) Observe for altitude by bringing the body into coincidence with 
center of bubble by rotating control knob. The bubble must be 
free from the side of the chamber, preferably in the center, when 
coincidence is effected. If being used with astigmatizer ‘out,’ 
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collimating the body in the center of the bubble is extremely difficult. 
Accurate collimation may be effected by bringing the image of the 
body alongside the bubble so that the centers of the body and the 
bubble are on the same horizontal line (see fig. 38). While observing 
the instrument should be held in both hands, the arms resting easily 
on the sides of the thorax. The right hand operates the micrometer 
worm while the left, besides furnishing additional support, operates 
the colored screens and the astigmatizer. 

(2) Use with sea horizon.—(a) Remove bubble. With bubble con- 
trol nut up, turn counterclockwise and gently rock instrument. 

(b) Move horizon stud to left, that is, to “horizon.’’ 

(c) Turn astigmatizer control to ‘“out’’ position. 

(d) Select proper shade screen by rotating screen wheel. 

(e) Observe, bringing body to tangency with sea horizon by turn- 
ing tangent screw. 

d. Precautions.—(1) After using the instrument turn the knurled 
nut in the direction of least resistance until it feels quite free. The 
purpose of this is to avoid useless strain on the diaphragm. 

(2) Do not put excessive tension on the bubble diaphragm by 
forcing the knurled nut. 

(3) Keep hands and fingers away from prisms. 

(4) Always keep the octant in its case when not in use. 

(5) Remove battery before putting instrument away. 

(6) Check index and bubble error frequently for any changes in 
adjustment. : 

e. Adjustment for index and bubble error.—(1) The design of this 
instrument is such that there is no means provided whereby both 
index error and bubble error may be eliminated except by adjusting 
the prisms themselves. Since adjustment of the prisms requires 
great care, it should be performed only by thoroughly experienced 
personnel. This adjustment is described in Air Corps Technical 
Order 05-35-4. 

(2) However, it is a simple matter to determine the index error 
and the bubble error individually by the methods already described 
in paragraph 61. The necessary mental correction may then be 
applied to observed altitudes, depending on which horizon is being 
used. The zero reference mark (or lubber line) of the scale is adjust- 
able through only 5’ of arc and, if it is desired to reduce either the 
bubble error or the index error to zero, it may be done by shifting 
the reference mark in the compensating direction provided the correc- 
tion does not exceed 5’. If the error exceeds this amount, adjustment 
of the prisms is necessary. As the air navigator uses the bubble horizon 
for nearly all observations, it is wise to reduce the bubble error to 
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zero if possible to do so within the permissible range of the reference 
mark; the index error is then determined, recorded, and applied 
mentally to any observations made on the sea horizon. If the 
bubble error cannot be reduced to zero by adjusting the lubber line 
of the scale, its magnitude should be determined and applied mentally 
to bubble horizon observations. 

(3) Yo determine index error.—Inexperienced personnel sometimes 
experience difficulty in determining index error with this instrument 
due to inability to see the reflected and projected image of objects. 
The following procedure is correct: 

(a) Remove bubble from field. 

(6) Move the horizon stud to “horizon” position, that is, to the 
left. 

(c) Turn astigmatizer control to ‘out’ position, that is, full 
clockwise. 

(d) Shade screen to clear (no screen). 

(e) Set scale near zero and bring reflected and projected image of 
any distant object not necessarily on the same level into coincidence 
and read. This is the most difficult step. Slide the eye across the 
eyepiece to see both images. When coincidence is effected, scale 
should read in vicinity of 0° 00’ unless prisms are considerably out 
of adjustment. 

(f) The amount the reading differs from zero is the index error; 
minus if off the arc (slightly below zero) and plus if on the arc (slightly 
above zero). The correction, of course, must be applied algebraically 
with opposite sign to observed altitudes on the sea horizon. 

(4) To determine bubble error—Proceed as outlined in paragraph 61. 
During this operation the bubble must be in the telescope field, 
horizon control ‘“out’’ (to the right), astigmatizer ‘‘in” or ‘out’, 
depending on which method of bubble error determination is being 
employed. 

f. Maintenance.—(1) The octant requires no field lubrication. All 
necessary lubricants are applied during assembly. 

(2) Optical surfaces should be cleaned as infrequently as possible. 
They should be dusted off with a soft camel’s hair brush and then 
wiped with lens paper or a soft, clean, well-washed piece of cambric 
or linen. Always remove dust first without rubbing. If there are 
grease marks or finger prints on the optical surfaces, the cloth may 
be dampened with a little clean alcohol. 

63. Octant, modified A-5 (fig. 41).—a. Description.—Several 
modifications in the type A—5 octant have been incorporated in instru- 
ments on recent procurement and many older instruments have been 
reworked. See Air Corps Technical Order 05—35—4. 
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(1) Battery is held in place by a spring clamp. 

(2) Astigmatizer is carried on a disk in a vertical plane instead of 
horizontal. | 

(3) Eyepiece is provided with a focusing screw. © 

(4) Bubble has been redesigned. 

(5) Bubble illumination has been changed to inclose radium ele- 
ment and additional illumination by electric lamp is provided. 

(6) Electric illumination is controlled by the switch on the back of 
the instrument. Intensity of light in field of vision is varied by rotating 
perforated disk above the switch. 

b. Operation.—Operation of modified A-—5 octant is the same as 
the A-5 except as affected by above modifications. 

c. Adjustment.—Adjustment for bubble error and index error on 
modified A-5 octant is much the same as for the earlier model. 
However, the zero reference line of the scale has been made adjustable 
over a wide arc instead of being limited to 5’ traverse. Care must 
be taken to allow clearance between this disk and the micrometer 
knob when adjusting. Vertical adjustment of the mark is permitted 
by loosening the two screws on each side of the mark and shifting 
the small plate. 

64. Octant, A-5A (fig. 42).—«a. Description—(1) Type A-5A 
octant is a modified type A-5 which has been further modified to 
incorporate a device designed to average automatically any eight 
altitude settings. The averaging device does not interfere with normal 
operation of the octant, being an auxiliary mechanism which may or 
may not be used at discretion of the observer. 

(2) The averaging device consists of a fixed graduated (degree) scale 
and a movable (vernier) scale which may be rotated by means of a 
manually operated unidirectional clutch. Principal parts are shown 
in figure 42. 

b. Operation.—(1) Before taking any readings, the averaging device 
must be set in the zero (0) position. To reset scales to zero the zero 
reset knob is used to rotate the movable scale clockwise against its 
stop. The operating lever must also be against its fixed stop, that is, 
depressed clockwise as far as possible. The instrument is then ready 
to take a sighting in the usual manner. 

(2) As soon as collimation is effected, put thumb on operating lever 
and push in a counterclockwise direction, that is, away from the 
fixed stop and against the second stop which is positioned by the 
altitude setting of the octant. Then return operating lever to its 
initial position by using index finger. Operating lever should not be held 
Cetween two fingers when actuated. It should be moved in both direc- 
tions by pressure of one finger against the face of the lever. Errone- 
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FIGURE 42.—Octant, A-5A. 


ous totalizing will usually result from pinching lever while actuating it. 
Above operation of the actuating lever sets up one-eighth of the meas- 
ured altitude on the totalizing scales. Upon completion of eight such 
cycles, the average of the eight altitude settings may be read on the 
totalizing scales. 

c. Timing.—The time may be taken before the first and after the 
last observation and gveraged for the mean value, or the central time 
(a time taken between the fourth and fifth observations) may be used. 
The sights should be taken with a reasonable degree of regularity. 

d. Reading scale.—F igure 42 gives a typical setting and serves to 
illustrate how the scale is read. If the zero (0) line of movable scale 
lies between two lines of the fixed scale, read the lower of the two as the 
number of degrees in the angle and add the reading of the vernier which 
is expressed in minutes of arc. To read the vernier, follow movable 
scale counterclockwise until a line of the vernier scale appears as a 
continuation of a degree line on the fixed scale. The included number 
of divisions on the movable scale from zero to point of coincidence of 
lines represents the number of minutes to be added to the above scale 
reading. The reading in figure 42 is 25° 30’. 

e. Adjustments.—(1) Scale.—If the zeros of the fixed and movable 
scales do not coincide when the movable scale is turned clockwise 
against the stop, an adjustment may be made by turning the zero 
reset screw. 
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(2) Averaging device.—To test averaging device for proper totalizing 
without first removing index or bubble error, the procedure for deter- 
mining bubble error by the third method described in paragraph 616 
(2)(c) isrecommended. A precomputed altitude curve of the body for 
the position at which observations are being made is virtually neces- 
sary for this check (see sec. XI). If the plotted observation (average 
of the eight sights corrected for refraction and/or parallax) does not 
agree with the computed altitude, the totalizing mechanism requires 
adjustment. To make this adjustment, loosen screw which locks the 
knurled adjusting screw and rotate adjusting screw upward to increase 
magnitude of average altitude and downward to decrease it. After 
adjusting, lock knurled nut and check correctness of adjustment by 
comparing additional observations against computed altitudes. 
This adjustment allows for bubble error and observer’s personal error 
only when using the totalizer. 

(3) Index and/or bubble error.—If it is desired to determine index 
error or bubble error by checking against a leveled datum line or 
against the natural horizon as outlined in paragraph 616(2)(a@) and 
(6), extreme caution must be exercised when rotating the micrometer 
drum in a direction to decrease altitude setting when near the zero 
altitude position. To avoid danger of damaging the instrument, the 
knurled adjusting screw should be backed off several turns, that is, 
moved upward, before the errors are determined. It may be reset by 
setting the instrument for 90° altitude and adjusting the mechanism 
to total 90° (in which case bubble and observer’s personal error must 
be applied to future observations) or adjusted in the manner described 
in (2) above, in which case the two errors are corrected for in subse- 
quent observation. 

65. Octant, A-6 (figs. 43 and 44@ and @®).—a. General.—(1) 
The A-6 octant is a light, compact, handy instrument. It may be 
used either day or night and as a bubble sextant or horizon sextant. 
Outstanding features are— 

(a) It contains a semipermanent bubble which requires no adjust- 
ment in flight, but which may be enlarged or reduced as desired. It 
will remain as adjusted for a period of time. 

(6) Interior of bubble is transparent so that collimation may be 
effected easily by centering the observed body at center of bubble. 

(c) It has a direct reading index to 1 minute of arc. 

(d) Stars may be observed by direct vision, thus facilitating star 
identification. 

(2) Complete discription, operation, and maintenance instructions 
pertaining to the A-6 octant are contained in Air Corps Technical 
Order 05-35-—7, December 10, 1935. 
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6. Description.—(1) Optical parts (fig. 43).—(a) Eye, is position 
of observer’s eye when heavenly body is a bright one, that is, the sun 
or the moon. 

(6) Eyes is the position of observer’s eye when the heavenly body is 
a faint one. 

(c) The index murror is a glass plate, surfaces of which are optically 
plane and very accurately parallel to each other. This mirror rotates 
about an axis perpendicular to the paper. The rotation is caused by 
operation of the control nut and it, at the same time, operates the 
micrometer drum from which the altitude is read. 

(d) The pair of moderating glasses are of different densities. One 
or both may be introduced into the position shown if the heavenly 
body is too bright for comfortable observation. 

(e) The bubble cell is filled with xylol except for a small bubble at 
the top. The bubble appears as a black circle in a bright field. The 
upper and lower surfaces of the bubble cell glasses which confine the 
bubble are curved, concave downward. The radius of the upper 
curve is equal to the principal focal lengths of the objective lens and 
eye lens. This condition makes it possible to make an accurate 
reading any place within the approximately 9° field so long as reflected 
image and bubble remain in coincidence with bubble clear of the rim. 

(f) The telescope shade glass may be placed over the objective lens 
when it is desired to exclude terrestrial objects. 

(2) Path of light through optical system (fig. 43).—(a) Light for 
the bubble enters either through the objective lens or is artificially 
produced by the bubble lamp. When natural light is used it follows © 
the dotted and dashed path shown in the diagram to Eye, or Eye. 
When the bubble lamp is used, the light is reflected by the plane glass 
reflector and then follows the path as shown. The optics are so 
arranged as to make the bubble appear at infinity. 

(6) When coincidence of bubble and body has been effected with the 
eye at Eye,, the index glass as a mirror reflects the body S,, while at 
the same time the bubble projected through the optical system is 
viewed through the index glass. With the eye at Hyes, the index glass 
as & mirror now reflects the bubble image, while the body S; is viewed 
through the index glass. Advantage is taken of this arrangement to 
view the less brilliant object whether it is the bubble or a dim star 
direct, and to reflect the more brilliant object. 

(3) Operating parts (fig. 44@ and @).—(a) When the three-way 
tumbler switch is in the central position it is off. Toward the eyecap 
it illuminates the scale and glass record slate. Away from the eyecap 
it illuminates the bubble. 


135 


AIR CORPS 


TM 1-206 
65 








AWILL 
YWos ayv5 mang | 


SATuIG ‘OV3R NVLSAVD © 


LON DNIASAraY 3ZzI¢ F1ee09 


SS¥1 BOVHS adods3I3i 





‘O-V ‘1Uv}I0— "FF ANNOY 


re pusy a iD. 


Fe eg LEAL LA Se hm RP ad ne Pe hen ye saa ee RT ER 


CR LE OR ae > Fe 
nyt tees ORs 6 Fs eI ets 6 





"c “ Fo] “EON OU ino> 





LHDOIQ BAIS 
Bintg duoo3y 





ss WOsINg, WATawo ue RE 


“a 


eeeer ONLY cow 





SS “wasang AQ 


| AK” . RPA ie als 


es we ees 


whe Jala 


136 


TM 1-206 


65 


CELESTIAL AIR NAVIGATION 


ee wwe ~~ ww ew rt YT wr 


penuyju0D—9-V¥ ‘108jI0O—'>y ZHNOLA 
AJA puBy 19. © 





AIGWWH IOBLNO) AWLSOBHY 








ONY ONILSATOY 
SISSYID ONILEBdOW 


Pp Loe In] ONTLSATAY azig 3799009 


.: 


7 
> 





WIsang 3AQ) 4 | 


er YF 


SASSVIS) ONILVYAGOW 





dW 3198Ng 


137 


TM 1-206 
65 AIR CORPS 


(6) The rheostat handle varies the intensity of illumination of the 
bubble. The illumination system has not been altogether satisfactory 
due to the tendency of the rheostat system to get out of order. 

(c) The control nut rotates the index mirror and micrometer drum. 
The mirror and drum are geared lower than in the A—5 octant so that 
movement of control nut does not rotate the mirror and drum so 
rapidly. 

(d) The name plate serves as a cover for the counter adjusting nut 
and lock nut. It is fitted in a dovetail and slides downward away 
from the eyepiece to make the nuts accessible. 

(ec) The capstan headscrews permit adjustment of bubble to coin- 
cidence with natural horizon as described in paragraph 616. An 
adjustment pin for these screws is carried in the case. 

(f) Operation of the bubble adjusting nut changes the size of the 
bubble. See d below for method. 

(g) The filter adjusting knob is the means by which the moderating 
glasses are introduced or removed. Care must be exercised in operat- 
ing this knob so as not to injure the teeth of the filter gear. When it is 
desired to move the filters, pull knob full out and hold it out while 
rotating until filters are in desired position. Then release knob. 

c. Operation.—(1) To use with bubble horizon in daylight observa- 
tion.—(a) Place eye at Hye, (fig. 43). This is the usual position for 
observations on sun. 

(6) Admit light to bubble by rotating aa shade glass so as 
not to cover telescope. 

(c) Adjust moderating filters so as— 

1. To intercept sun’s rays. 
2. Not to intercept moon’s rays. 

(d) Observe, bringing body into coincidence with center of bubble 
by turning control nut. Have bubble free from rim of chamber, 
preferably in center. 

(2) To use with bubble horizon in night observation —(a) Place eye 
at Hye, (usual position for night observation on star), or at Eye, if 
body is a brilliant one. 

(6) Adjust moderating filters so as not to intercept rays from body. 

(c) Move three-way light switch to ‘‘Bubble.”’ 

(dq) Vary bubble illumination by means of rheostat control. 

(e) Observe, bringing body into coincidence with center of bubble by 
turning control nut. Bubble should be free from rim of chamber, 
preferably in center. 

(3) To use with sea horizon.—(a) Place eye at Eye. 

(6) Remove bubble as described in d below. 

(c) Adjust telescope shade glass to cut out glare of horizon. 
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(d) Adjust moderating filters so as— 

1. To intercept sun’s rays. 

2. Not to intercept moon’s rays. 

(e) Observe, bringing the body to tangency with sea horizon by 
turning control nut. | 

(4): Precautions during operation.—(a) See that filter glasses never 
interfere with movement of index glass. 

(6) Keep hands off index glass. 

(c) Do not allow bubble unit to be struck. 

(d) Remove battery before putting instrument away. 

(ec) Keep octant in case when not in use. 

d. Adjustment.—(1) Size of bubble.—(a) To increase size of bubble 
point telescope downward, and turn bubble adjusting nut in the 
“enlarge” direction as shown by arrow engraved on nut. 

(6) To decrease size of bubble point telescope upward and turn 
bubble adjusting nut in the “reduce’’ direction. It is possible to 
remove bubble entirely from the field by turning the nut in reduce 
direction a sufficient number of turns. 

(c) If nut r8 rotated while telescope is held in a horizontal position, 
size of bubble 1s not affected. Therefore if the end of motion of nut is 
reached before bubble is adjusted to desired size, hold octant so that 
telescope is horizontal and reverse direction of rotation of the nut as 
far as it will go. Then return to operation under (a) or (6) until 
desired size bubble is attained. 

(2) Index and bubble error.—The design of this instrument is such 
that both index error and bubble error may be eliminated with com- 
parative ease. No adjustment of the prisms is necessary. If the 
observer does not care to eliminate both of these errors, he can deter- 
mine and eliminate either with even greater facility. 

(a) To determine and eliminate index error. 

1. Determination.—Adjust instrument as for daylight observa- 
tion with sea horizon (no bubble). Set scale near zero 
and determine index error as described in paragraph 61a. 
During this procedure moderating filters should not inter- 
cept rays striking index glass. 

2. Elimination.—Rotate control nut until reflected and pro- 
jected images coincide. Slide name plate downward 
toward bottom of handle. This will expose counter 
adjusting nut and counter lock nut. Loosen lock nut 
(the lower one of the two; it works like any mght hand 
screw). Then turn adjusting nut which will permit scale 
drum to be turned without rotation of index mirror until 
scale reads zero. Tighten lock nut. Check reading on 
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datum point to be sure that image is not doubled when 
scale reading is zero. 

(6) To determine and adjust scales for bubble error. 

1. Determination.—Proceed as outlined in paragraph 610. 
During this operation bubble must be in the field. Position 

of moderating filters will depend upon which method of 
paragraph 616(2) is being employed and what object 
(terrestrial or celestial) is being sighted. The third 
method (comparison with computed altitude of a celes- 
tial body) is recommended when the observer’s purpose 
is only to determine bubble error and to adjust scales 
with zero error when bubble and reflected image are 
centered. 

2. Scale adjustment.—Having determined the magnitude of 
bubble error, the micrometer drum may be adjusted to 
read zero when the bubble is centered by turning the 
adjusting nut in the same manner as has been described 
for obtaining zero index error. It must be remembered 
that when drum is thus adjusted for zero bubble cor- 
rection, an index error will be put into instrument. 

8. Bubble error may be eliminated without adjusting the 
scale by turning the capstan head screws. Adjustment 
of the capstan head screws is generally made only when 
it is desired to eliminate both index and bubble error as 
described below. 

(c) To eliminate both index and bubble error —The octant is in perfect 
adjustment when no index or bubble error exists. When this adjust- 
ment is complete the octant is in condition of adjustment to permit 
reading altitudes against either the natural horizon or the bubble 
horizon, and the readings will be accurate and the same for either 
case. To accomplish this the index error is first determined and 
scales adjusted for zero index error as described in (2)(a) above. 
Then bubble error is eliminated as follows: 

1. Set up octant for sighting on either a leveled datum point or 
on the sea horizon. 

2. Using adjusting pin, turn the two capstan headscrews 
opposite to each other, observing at the same time. It 
will be seen that this moves the bubble in the field. Move 
it until image of datum point bisects it exactly. When 
finished, these screws should be taut but not under strain. 

e. Maintenance.—(1) The octant requires no field lubrication. All 
necessary lubricants are applied during assembly. 
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(2) When cleaning optical surfaces the same precautions should be 
observed as for type A-—5 octant. 

(3) Three spare bulbs, two of clear glass and one frosted, are 
provided in the case. The frosted bulb is for bubble illumination 
and the two clear bulbs for illuminating the scale and the recording 
slate, respectively. 

(4) The lamp shield lock screws should be tested frequently for 
tightness. Vibration of the airplane frequently loosens these screws 
with the result that the shields sometimes fall from the octant and 
are lost. 

66. Octant, A-6A (fig. 45).—a. General—The A-6A octant is a 
type A-6 which has been modified to incorporate a mechanical aver- 
aging device. This device operates on the same principle and is 
practically identical with that incorporated on the type A—5A octant. 
The description and adjustment are contained in Air Corps Technical 
Order 05-35-7. 

b. Description The principal parts of the averaging device are 
shown in figure 45. Comparison with the A—5A octant (fig. 42) will 
show the similarity between the two. The principal differences are— 

(1) The movable (vernier) scale is the outer of the two scales. 
Hence degrees are read off the inner scale, minutes off the outer. 
The reading in figure 45 is 28°40’. 

(2) The adjustable resetting stop performs the functions of the 
zero reset screw on the A-5A. 

(3) The fixed stop screw is of slightly different design. This screw 
is locked in position by a lock screw which must be loosened before 
the stop screw can be turned. 

(4) The position of the operating handle is such that it may be 
operated in either direction by the index finger. 

c. Operation.—(1) Individual sightings with this instrument are 
made in the same manner as when using the A-6. 

(2) The averaging device gives arithmetical mean of eight siphite 
and is operated in a manner similar to that of the A—-5A. 

d. Adjustment.—Adjustments for elimination of bubble and index 
error are the same as for type A-6. If a leveled datum plane or the 
natural horizon are employed when making these adjustments, ex- 
treme caution must be exercised when rotating the control nut in a 
direction to decrease altitude setting when near the zero altitude 
position. To avoid danger of damaging the instrument, the fixed 
stop screw should be backed off two or three turns during the microme- 
ter drum adjustment. After the micrometer drum has been adjusted 
and locked, the stop screw of the averaging device should be turned 
clockwise until it presses the arm against the movable stop. The 
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altitude setting should be zero and control nut should be against the 
zero position stop during this operation. Care must be exercised 
not to exert any pressure against the movable stop. The stop screw 
should be tightened only enough to prevent any movement of the 
arm in the zero altitude position. Since this screw is the acting stop 
for zero position when the averaging device is being used, it is obvious 
that its adjustment is very critical. Any error in its position is added 
eight times so the final reading would be thrown off an amount equal 
to eight times this error. After setting the adjusting screw: it must 
be firmly locked by the lock screw. 

67. Correction of observed altitudes.—c. It has been stated in 
& preceding section that the intercept, or altitude difference, was ob- 
tained by comparing the observed and computed altitudes. The 
observed altitude (H,) is not the sextant altitude (H,), but the sextant 
reading after it has been corrected for several determinate errors of 
observation. In other words, assuming no acceleration errors, 
observed altitude is true altitude as measured from the plane perpen- 
dicular to the vertical at observer’s position. Depending on whether 
the visible horizon or bubble horizon has been used for leveling and 
upon the particular body observed, corrections for one or more of the 
following errors are applied to H, to obtain H,: 

(1) Index. 

(2) Bubble. 

(3) Coriolis’ type acceleration. 

(4) Refraction. 

(5) Parallax. 

(6) Dip. 

(7) Semidiameter. 

6. Index error and bubble error, being strictly instrument errors, 
have been described in paragraph 61. 

c. Coriolis’ type acceleration error, its determination, and the sub- 
sequent adjustment of the plotted line of position to correct for it have 
been described in paragraph 59. This error is essentially an instru- 
ment error but its amount, although determinate, is not constant as 
are index and bubble errors. | 

d. Refraction, parallax, dip, and semidiameter are errors which 
result from conditions not related to the instrument. Values for these 
corrections are given in the Air Almanac. They are also listed indi- 
vidually and in various convenient combinations in the Nautical 
Almanac and in many of the tables used for solving the astronomical 
triangle. 

68. Refraction (fig. 46).—a. A well-known principle of optics is 
that a ray of light in passing from one medium into another medium 
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of greater density is deflected toward a perpendicular to the surface 
separating these mediums. This is known in optics as refraction. In 
entering the earth’s atmosphere the light rays from a celestial body 
are bent due to refraction so that they appear to be emanating from 
a point nearer the zenith than is actually the case, as shown in figure 
46. Thus the measured altitude of a celestial body is too great by 
the amount of refraction. The amount of refraction that rays suffer 
varies inversely as the body’s altitude, that is, the closer the body is 





Crron Dut To 
3 ~ Bopv’s Apparent 
= REPANCY PosiTION “ 
0 
LeNItH 
ofp ———_ F Ag TH’S 
Ez ———— hs OSPHERE 
‘ HORIZON or BEEN 
y/ Yi; Position 





FIGURE 46.—Effect of refraction. 


to the horizon the greater the refraction. Refraction explains why 
the sun’s disk is visible before it reaches the horizon in the morning 
and after it goes below the horizon in the afternoon. The refraction 
at the horizon is excessive and erratic; for this reason, a body whose 
altitude is less than 10° is seldom selected for observation. At the 
zenith no refraction occurs since the rays enter perpendicular to the 
earth’s layer of atmosphere. — 

6b. The amount of refraction also varies with the altitude of the air- 
plane in the earth’s atmosphere. The higher the airplane the less will 
be the amount of refraction because the earth’s atmosphere is less dense 
at high altitudes and consequently has less bending effect upon the 
light rays coming from the body. The effect on refraction due solely 
to the height of the airplane is of course slight because the earth’s 
atmospheric layer is very thick compared to altitude of the airplane. 

c. Refraction is always a subtractive correction and must be applied 
to observations on all celestial bodies regardless of the horizon used. 
Refraction is the same for all bodies having the same altitude. Its 
value is given in the Air Almanac, entering arguments being H, and 
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the altitude of the aircraft above sea level. Values given in the 
Nautical Almanac and in other publications do not take into account 
altitude of the aircraft. However, no serious error is committed thereby. 

d. If observations are made through a transparent window, refrac- 
tion occurs when light rays enter and leave the glass. Very little 
investigation has been made to date to determine amount of this refrac- 
tion. Its value will depend upon the material and curvature of the 
window. Until more information becomes available on this type of 
refraction every attempt should be made to take sights through flat 
glass plate. Serious errors have been known to result through disre- 
gard of this precaution. 

69. Parallax (fig. 47).—a. Parallax is the error in an observation 
due to the fact that observer is actually at some position on the 
earth’s surface instead of at the center of the earth as he is theoreti- 
cally assumed to be. Navigational tables are computed on the assump- 
tion that the observer’s eye is at the center of the earth. The moon is 
the only celestial body considered as having parallax, all other bodies 
being so distant from the earth that the parallax is insignificant for 
navigational purposes. The parallax correction depends upon two 
factors; first, the moon’s horizontal parallax, and second, the observed 
altitude of the moon. 

(1) Horizontal parallax is the angle at the moon between an imagi- 
nary line drawn tangent to the earth and one drawn to the earth’s 
center. In other words, if the moon is on the observer’s horizon, 
the angle subtended at the moon by a line joining the earth’s center 
and the observer is the horizontal parallax. The horizontal parallax 
of the moon changes only as the moon’s distance from the earth in- 
creases or decreases. When the moon is closest to the earth its 
horizontal parallax is greatest. When it is farthest from the earth 
the horizontal parallax is least. The amount of horizontal parallax 
is independent of the observer’s position or of the observed altitude 
of the moon. The moon’s daily horizontal parallax has been com- 
puted by astronomers and is given on the daily pages of the Nauti- 
cal Almanac but is not tabulated separately in the Air Almanac 
because its share of the total amount of parallax error occurring to an 
observation of the moon is taken into account when compiling the 
parallax correction tabulations given in the Air Almanac. 

(2) Parallax in altitude is the angle at the moon subtended by that 
radius of the earth which joins the center of the earth and observer’s 
position. Assuming the moon to be the same distance from the earth 
in figure 47@, @, and @, it should be noted that although the hori- 
zontal parallax is the same in all three illustrations, the parallax in 
altitude is not the same but depends upon observed altitude of the moon. 
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b. If the horizontal parallax is decreased in magnitude, that is, if 
the moon is imagined to be moved to a position farther away from 
the earth, the values of the parallax in altitude will of consequence 
decrease through the whole range of altitudes from the horizon to the 
zenith. Consequently, the magnitude of total parallax correction 
depends both upon horizontal parallax and upon the altitude of the 
moon. 

c. Parallax correction is always additive. It is applied when ob- 
serving on the moon regardless of the horizon used. Its value is given 
on the daily pages of the Air Almanac, the sextant altitude being the 


| 
rey 
re 
Uw 
“Ao 


LriTuok. Using 
BUSBLE HORIZON Bueect 


Herout ¥ Dip ORSZON 


Or Eve Aurirupe Usine 
Sea Hoajyzon 


CaatH & 





Oe > 
2 





FIGURE 48.—Effect of dip. 


entering argument. It will be noted that the tables for parallax 
correction in the Air Almanac vary from day to day. This variation 
is due to changes in horizontal parallax. 

70. Dip (fig. 48).—Dip of the horizon is the angle of depression of 
the visible sea horizon due to elevation of the eye of observer above 
the level of the sea. Owing to spherical shape of the earth, a line 
joining an observer in an aircraft to the visible horizon will be sloped 
below the horizontal. This effect is shown in figure 48. It may be 
seen from the figure that dip correction is always subtracted from 
sextant altitude. Dip correction in minutes of arc approximately - 
equals the square root of height of eye above the earth’s surface. A 
dip correction table appears in the Air Almanac. Dip correction like 
index correction is necessary only when visible horizon is used. It is 
not applied when using the bubble horizon. 
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71. Semidiameter.—The semidiameter of a heavenly body is 
half the angle subtended by the diameter of the visible disk of a 
heavenly body at the eye of the observer. The telescope of a sextant 
will not show any disk for stars or planets, but for the sun and moon 
there is a decided disk. When using the visible horizon for leveling 
it is common practice to move the index reflector to a position such 
that the reflected image of the sun or moon is made to appear tangent 
to the visible horizon, the sextant reading consequently being in 
error by half the apparent diameter of these bodies since the altitude 
of their centers should be measured. If the top of the body is brought 
into coincidence with the horizon the upper limb is said to be read, 
whereas if the bottom of the disk is brought into coincidence, the 
lower limb isread. When upper limb is read the correction is additive; 
when lower limb is read the correction is subtractive. The semi- 
diameter of both sun and moon is approximately 16’ of the arc. The 
semidiameter of sun and moon for any particular day of the year are 
listed in the Air Almanac. The tangent method of observing a body 
is used only when sighting is made on the visible horizon; the center 
of the body is made coincident with center of bubble when the bubble 
horizon is used. Obviously, correction for semidiameter is not 
necessary when the center of the body is observed. 

72. Applying sextant corrections.—a. Summary.—A summary 
of the corrections to observed altitudes and the order in which they 
should be applied appears below: 








Using bubble horizon on— 

Sun Moon Planet Star 
Bubble. Bubble. Bubble. Bubble. 
Refraction. Refraction. Refraction. Refraction. 

Parallax. 


Using sea horizon on— 


Sun Planet Star . 


Index. Index. Index. Index. 

Dip. Dip. Dip. Dip. 

Refraction. Refraction. Refraction. Refraction. 
Parallax. 

Semidiameter. Semidiameter. 
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b. Precautions.—The following facts should be borne in mind: 

(1) A line of position determined from a bubble observation must be 
corrected for deviation from the vertical (Coriolis’ type acceleration 
error). This is the final step in laying down the line of position on the 
chart. 

(2) Semidiameter correction is applied only when the upper or lower 
limb of sun or moon is observed. Correction is positive (+) if upper 
limb is read; negative (—) if lower limb. 

(3) Star altitude curves include refraction. Do not correct H, for 
refraction when using these curves. 

(4) When using various combinations of corrections such as appear 
in the Nautical Almanac and in H. O. 211 (Ageton), read the titles — 
carefully so that no mistake is made in extracting proper combination 
of corrections. For example, inside the rear cover of H. O. 211 are 
correction tables which include a dip correction for 35 feet, this being 
the average height of eye for an observer standing on the bridge of a 
surface craft. The air navigator has no use for tables of this sort. 
The refraction tables, or combination tables which include refraction, 
in publications other than the Air Almanac do not take into account 
altitude of the airplane. 
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73. Methods.—a. By observing the star Polaris an observer in 
the northern latitudes may determine his latitude with only a small 
amount of computation. The methods of determining latitude from 
Polaris are numerous and each method is so simple that it is difficult 
to choose from among them. Latitude from Polaris may be obtained 
from— | 

(1) Air Almanac. 

(2) Rude star finder. 

(3) Time conversion computer, type A-—5. 

(4) Star Altitude Curves. 

6b. The Ageton method should not be used for converting an obser- 
vation of Polaris to a line of position because Polaris is a star, the 
value of K of which always lie between 87°30’ and 92°30’ regardless 
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of the observer’s position. Ageton results are erroneous under these 
conditions. 

c. The H. O. 214 method cannot be used because declination argu- 
ments are not tabulated for stars the declinations of which are as great 
as that of Polaris. The A-3 computer cannot be used for the same 
reason. 

74. Principle.—«a. In explaining the principles of celestial naviga- 
tion it was stated that if a star occupied a position exactly over the 
North Pole, the system of earthly parallels would represent the system 
of position circles about the star. It was further demonstrated how — 
observed altitude of the star would give the observer his latitude 
immediately. This truth has given rise to the expression, “the alti- 
tude of the pole (not of Polaris) is the latitude of the observer.”’ 

b. The star Polaris is not exactly over the north pole but moves 
around it in a small circle whose radius is about 61’. Like all other 
stars, it moves in a counterclockwise direction (if the observer faces 
north) and completes the circuit in 24 sidereal hours. 

c. (1) Consider the instant that Polaris is making an upper transit 
of the observer’s meridian. At that instant the LHA will be zero. 
But in preceding sections it has been shown that— 


LHA*x=LHA®T +SHA>x. (1) 
When LHA of Polaris is 0, the above equation becomes— 
LHAT =0—SHAx (2) 
that is, LHAT =24h—SHAx (3) 
LHAT = RAx. 


If the inside of the back cover of first quarter of 1941 Air Almanac is 
consulted it will be seen that the RA of Polaris is 1° 43™ or in angular 
measure 25°45’. Substituting this value in equation (3); LHAT= 
25°45’ when Polaris is on the upper branch of meridian. 

(2) (See fig. 49.) The plane of the paper represents the meridian 
of an observer, M/; Polaris, S and S’, is in the plane of the meridian. 
The plane of MH which is perpendicular to the paper is observer’s 
horizon. P and P’ represent rays to the north celestial pole. 


ZP’MH= ZS'MH— ZS'MP’. (4) 
But ZP’MH= ZMOE=latitude of observer (because HM1MO 
and P’M1LEO), and ZS’MH=altitude of Polaris, and ZS’MP= 


150 





: TM 1-206 
CELESTIAL AIR NAVIGATION 74 


ZSOP=9$0°—declination of Polaris=radius of diurnal circle=61’. 
Therefore, by substituting these values in equation (4), it is seen that 
latitude=altitude—61’, but only when Polaris is making an upper 
transit, that is, when LHA®T is 25° 45’. 

(3) The conclusion is then that if the observer sights Polaris when it 
is making an upper transit, that is, when the LHA T =25°45’, and if he 
subtracts 61 minutes from the observed altitude he will obtain his 





FIGURE 49.— Meridian altitude of Polaris. 


latitude. Turning to the Polaris table on the flap of the 1941 Air 
Almanac, and entering it with an argument LHAT =25°45’, it will 
be seen that the correction to observed altitude of Polaris to obtain 
latitude is —61’. Thus it is seen that the Polaris table gives the 
identical correction which has been deduced from figure 49. 

d. If Polaris is making a lower transit, as it will when the LHA of 
Polaris is 180°, the LHA 7 will be 25°45’+ 180°=205°45’, and if 
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a figure is drawn similar to fig. 49 but with Polaris on the other side 

of the pole from the observer, it can be shown that— 
Latitude=altitude of Polaris+radius of diurnal circle. 
Latitude=altitude+ 61’. 

If the Polaris table is entered with the argument LHA T =205°45’, 

the correction to observed altitude of Polaris to obtain latitude is 

seen to be +61’. The table again bears out the deductions. 

e. (1) When the LHA of Polaris is 90° or 270° there should be no 
correction for Polaris because Polaris will then be directly east or 
directly west of the elevated pole as observer faces it and an altitude 
sight on Polaris should give the latitude without correction. When 
LHA Polaris is 90°, the LHA T~=25°45’+90°=115°45’. When 
LHA Polaris is 270°, the LHA 7 is 25°45’+270°=295°45’. If 
Polaris tables are entered with LHA T=115°45’ and 295°45’ it will 
be found that the corrections are 0’ and +1’, respectively. The 
tables again bear out the reasoning. 

Nore.—The +1’ correction when the LHA T is 295°45’ requires an explana- 
tion beyond scope of this manual. The statement in first sentence of this para- 
graph is not theoretically exact. 

(2) Also, when Polaris is due east or west of the elevated pole 
as the observer faces it, the azimuth will not be 0° as it was with 
Polaris on the meridian. It follows that the line of position will not 
exactly coincide with a parallel of latitude at these times or at any 
other time except when Polaris is on the observer’s meridian. But 
the azimuth is so nearly 0°, that any short length of observer’s line of 
position may be considered at all times to lie east and west, that is, 
to coincide with a parallel. 

f. Polaris is observed at other times than when LHA 7 =25°45’, 
115°45’, 205°45’, and 295°45’, but a moment’s consideration will 
show that for any value of LHA 1, the correction to observed altitude 
to obtain latitude will be somewhere between the two extremes, — 61’ 
and +61’. Since in the entire diurnal circle of Polaris (24 hours of 
sidereal time) the correction changes only from —61’ to +61’, it is 
obvious that the rate of change is very slow. The rate of change of 
the correction is not constant however because it depends on the hour 
angle of Polaris. Astronomers have computed corrections for different 
values of LHA 7 and tabulated them in the Polaris table in the Air 
Almanac. 

76. Air Almanac.—a. Method.—To obtain latitude from an ob- 
servation on Polaris by use of the Air Almanac— | 

(1) Observe Polaris and correct it for refraction. 

(2) Extract GHA 7 from Almanac for GCT of observation. 
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(3) Find approximate LHA Y by combining GHA T with DR 
longitude. 

(4) Enter Polaris table with LHA 7 and note correction. 

(5) Apply correction with proper sign to H,. This is observer’s 
latitude. 

b. Example.—An observer at DR position 40° N —75° W observed 
Polaris at 02" 20" 15° GCT, January 1, 1941, H, 40°58’. Bubble 
correction 0’. Altitude of airplane 2,000 feet. Required, observer’s 
latitude. 


GHA 7 02° 20" GCT Jan. 1, 1941__..___________- 135° 21’ 
Correction to GHA 7 for 15®____________________ 04’ 
GHA 7 02" 20" 15° GCT Jan. 1, 1941___________- 135° 25’ 
Longitude (75° W) occu esse u eter cdetedsuated dines — 75° 00’ 
| 1S ©. Wea 5 eee a ce Oe rete een kOe LTS eT OM Pe 60° 25’ 
Ps arts oes Crees Se Se eee 40° 58’ 
Refraction correction. ___.__.____-_____________-- —01’ 
Ds Si ae an yy a ye 40° 57’ 
Polaris correction (from Polaris table when LHA 7 = 
60° 25’)____...____-_--------- eee een eee — 50’ 
Latitude of observer____.__________________- 40° 02’ 


76. Rude star finder.—a. See paragraph 96 for a detailed descrip- 
tion of the rude star finder. It simply uses another arrangement of 
the Polaris correction. Instead of tabulating the Polaris corrections 
according to LHA 17, corrections are placed around the periphery of 
a disk which is graduated to LST. LST is the same as LHA 7 
expressed in hours. The Polaris correction is found by one of the 
two following methods: 

(1) First—(a) Find approximate LST by taking GHA ~~ DR 
longitude for GCT of observation. The result must be converted 
to units of time. This entire step may also be accomplished on A-5 
computer (sidereal time converter). 

(6) Set LST under meridian arm (disregard date). 

(c) On the interior circle under the meridian arm read Polaris cor- 
rection to be applied to the observed altitude of Polaris. 

(2) Second.—(a) Set approximate LCT (GCT ~ DR longitude in 
time) of observation opposite local date. 

(6) Under meridian arm read Polaris correction. 
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b. Obviously unless an A—5 computer is available or a GST watch 
is carried, the first of above methods is inconvenient due to work 
incident to finding LST in time. The rude star finder was constructed 
for use with the Nautical Almanac which gives sidereal time in time 
units instead of angular measure. There is no reason why the 
periphery of the disk of the rude star finder could not be graduated 
both in time and in angle, in which case LHA T would appear under 
the meridian arm as well as LST. Then the rude star finder would 
be adapted for use with the values given in the Air Almanac. The 
approximate LHA 7 is procured from Air Almanac tabulations by 
one simple addition or subtraction, that is, GHA T~ DR longitude. 

77. Time conversion computer, type A-5 (fig. 13).—The 
time conversion computer, A—5; gives mechanically the correction 
to be applied to an observed altitude of Polaris to obtain latitude. 

a. Operation—(1) Crank in GCT and date. 

(2) Crank in DR longitude. 

(3) Read correction from Polaris correction indicator (black scale 
indicates correction is plus; red scale minus). 

b. Adjustment of Polaris correction indicator.—If the Polaris cor- 
rection is not the same as that given in the Air Almanac for a speci- 
fied LST an adjustment is required. This adjustment is adequately 
described and illustrated in Air Corps Technical Order 05-—35-6. 

78. Star Altitude Curves.—See section X for detailed description 
of star altitude curves. In these books the system of position 
circles surrounding the geographical position of Polaris are plotted 
on a Mercator chart. The latitude which corresponds to the observed 
altitude of Polaris is obtained directly. The abscissa of the curves 
isin LST. Just as is true of the rude star finder, the curves would 
be more adaptable for use with the Air Almanac if the abscissa was 
also graduated to show LHA 17, that is, LST in angle. Future pro- 
curements of the curves will include this revision. On existing issues 
this change may be made quickly by observer as shown in section X. 

a. Abscissa graduated in LHA YT (angular measure).—(1) Find 
approximate LHA YT by taking GHA T ~ DR longitude for GCT of 
observation. 

(2) Entering proper latitude band of curves, turn to page contain- 
ing above approximate LHA 7. 

(3) Vertically above approximate LHA 7 find point of Polaris posi- 
tion circle corresponding to H, corrected for instrumental error only 
(refraction correction is included in the curves). 
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(4) Project this point horizontally across page to latitude scale. 
Read observer’s latitude. 

Nors.—The polaris circles are not horizontal and should not be used as a 
guide in projecting the point to the latitude scale. 

b. Abscissa scale graduated in LST only.—(1) Unless an A-3 com- 
puter is available or a GST watch is carried, the approximate LST 
must be found in the same manner as was found in using the rude 
star finder. A GST watch will give the approximate LST by taking 
GST~ DR longitude in time. 

(2) Proceed in same manner as outlined in a above in steps (2) 
to (4); wherever term LHA T is used, substitute term LST. 


SECTION X 
STAR ALTITUDE CURVES 

Paragraph 
Dieser OWON 53.23 hoe Soe Sle eee et Ee oe ee 79 
Revision of LST s0ale- 26222 oo ee oe Le eke eee 80 
Principle and construction...............----.--.-.----------- eee 81 
Aircratt fix by the Curves.22< ss22.c222scercc cee wash eten gs eke wee 82 
PRAM DCS foo Bote ie ee ee ees Cea cea 83 
Fix from stationary position on the earth............--...-------------- 84 
Use of annual variation in altitude._...............:.-.-.---.---_------ 85 
Advantages and limitations. _.._........----.---.-.-.------------------ 86 


79. Description.—The Star Altitude Curves in current use in the 
Air Corps are those published by the Weems System of Navigation. 
The curves are a short method for converting an observation of a 
single star to a line of position. A fix may be obtained by use of the 
curves in about 2 minutes and without reference to any other publi- 
cation except the Air Almanac which is needed to obtain GHA T for 
GCT of observation. If a watch rated to GST is carried or if an A-5 
time conversion computer is available, the Air Almanac is not needed. 
When using the curves the observer is not required to solve the astro- 
nomical triangle to convert an observation to a line of position as nec- 
essary computations have been made by the publishers and are 
presented in graphical form. | 

a. Each page is a grid formed by the respective equal altitude 
curves (lines of position) of three stars in distinctive colors. The 
grid is on the Mercator projection. 

6. Heavy numbered curves show each degree of altitude with light 
intermediate curves representing increments of 10’. 

c. Scales of latitude with 5-minute divisions appear along the left 
and right hand edges of the grid. 


155 


TM 1-206 , 
79-80 AIR CORPS 


d. Scales of LST in hours and minutes appear across the top and 
bottom of each page. The scales should be graduated by the naviga- 
tor to read LST in arc (LHA 1) as explained in paragraph 80. 

e. At the top of each page are shown the names of stars used on the 
page, each with lines indicating the general direction of system of 
altitude curves and color of curves. 

f. The small figure below the star’s name is the correction to be 
applied for annual change in altitude, the correction being applied 
only when fine accuracy is desired, as explained hereinafter. 

g. For convenience the curves are constructed for 10° bands of lati- 
tude covering LST 0 to 24 hours (LHA T 0° to 360°), with an overlap 
in latitude of 30’ between adjacent bands and with overlap in LST of 
1 or more minutes of time (15’ or more of LHA T) between the pages. 
The latitude bands are published either in separate volumes or with 
several latitude bands contained within one binding. 

h. Each latitude band is preceded by an index page which lists 
the stars, their ranges in altitude, whether they are rising or setting, 
and the page they are to be found on for certain periods of LST 
(LHA 1) throughout the sidereal day. 

80. Revision of LST scale.—a. The Star Altitude Curves were 
originally arranged for convenience when either a GST watch was 
carried or the GST of an observation was determined from values tab- 
ulated in the Nautical Almanac. To use-the curves under these con- 
ditions, the abscissa graduated in LST is adequate. From a later 
explanation it will be seen how the LST of a fix may be picked directly 
from the curves. Knowing the LST, the observer’s longitude may be 
determined from the equation longitude=GST~LST. This pro- 
cedure involves one addition or subtraction of time and one conver- 
sion from time to are. Ifa GST watch is not carried, GST must first 
be determined from values tabulated in the Nautical Almanac, a 
tedious process in itself. If an A-—5 sidereal time converter is avail- 
able, all above steps can be accomplished mechanically. 

6b. For convenience in using the curves with the Air Almanac, one 
of the abscissa scales, either that along the top or the bottom of each 
page, should be graduated to read LST in arc, that is, LHA Tr. To 
do this, coincident with 0° 00" LST place 0°; with 0° 04" LST, 1°; 
0° 08", 2°; etc., throughout the book. 01°00" LST will then read 15°; 
02" 00™, 30°; etc. to 24° 007, 360°. The time-longitude relationship 
as tabulated in the time-arc table in rear of the Air Almanac or inside 
the front cover of Star Altitude Curves must be maintained exactly. 
Due to overlap on each page, care must be exercised in marking the 
abscissa. After marking has been accomplished, the work should be 
spot-checked for errors. Each small division between the integral 
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degrees of the abscissa will be seen to represent 15’ of arc, and eye 
interpolations may be made to nearest minute of arc... 

c. In addition to the foregoing changes, the LST’s on the yellow 
index pages at the beginning of each latitude band should be paren- 
thetically tabulated as to read LHA 7 as well as LST. 

d. The explanatory matter contained in the following paragraphs 
is premised upon the above revision having been made. 

81. Principle and construction.—a. In section V it was ex- 
plained that the geographical position of each star may be considered 
as being the center of a system of concentric position circles. Further- 
more, as time elapses the geographical position sweeps apparently 
westward over the same parallel of latitude, day in and day out, year 
in and year out. If the geographical position of the star is on the observ- 
er’s meridian at a certain instant of sidereal time on one day, it will be 
over the same meridian again exactly 24 sidereal hours later, but not 
24 hours of civil time later. 

6. Assume that a Mercator chart has been constructed wide enough 
to show 360° of longitude along the bottom edge and with a consider- 
able latitude spread along the other dimension. Place an arrow paral- 
lel to the bottom edge with the head of the arrow pointing toward the 
right hand edge and label it east to denote direction. Taking the 
meridian along the left edge, label it r. It is known that when T is 
on observer’s meridian the LHA 7 is 0° or LST is 0 hours so label 
the extreme left hand meridian accordingly. It is also known that 
when the observer’s meridian has rotated eastward 15°, his LST will be 
1 hour, or the LHA 7 will be 15°, so counting over 15° of longitude 
to the right label that meridian LHA T=15° or LST=01" 00. 
Twoesidereal hours later T will be 30° to the westward, so label the 
meridian 30° to the eastward from the left hand edge LHA T =30° or 
LST =02" 00"; and so on across the chart until the last meridian is 
LHA 7=360° or LST=24 hours, at which time observer’s meridian 
will again be under Tf. 

c. Stars are located in the heavens with respect to f and the equi- 
noctial. By entering the Air Almanac and extracting the SHA and 
declination of any star, the star’s geographical position on the Mer- 
cator chart maybe located. The SHA of a body is measured west- 
ward from 7, so starting at the meridian of LHA T =360°, count to 
the left the degrees and minutes of SHA and then move vertically up- 
ward from the equator until on the parallel of latitude which corre- 
sponds to the star’s declination. The point marks the star’s geo- 
graphical position. Now draw the system of concentric position 
circles around the geographical position spacing them at 10-minute 
intervals. Label these circles not according to angular distance from 
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the geographical position (zenith distance) but according to the alti- 
tude read if on any particular circle. The construction of a single star 
altitude curve has now been completed. 

d. The geographical position of the star with its system of position 
circles travels (apparently) to the westward at the same rate as 7, 
thus always maintaining a fixed angular distance (SHA) from rT. 
Each point of the system always traverses the same parallel. 

e. Assume that the geographical position of a second star and its 
system of equal-altitude circles are likewise plotted. 

f. From the study of basic principles it was learned that if an ob- 
server simultaneously measures the altitude of two heavenly bodies, 
it definitely fixes his position as being at the intersection of two par- 
ticular altitude circles encircling the geographical positions of the 
stars. There are two such intersections but one of them is so distant 
from the other that the observer’s DR position indicates which inter- 
section is correct. | 

g. Assume that the observer sights simultaneously on the two par- 
ticular stars the systems of altitude circles of which he has drawn on 
the Mercator chart. He refers to his Mercator chart and finds the two 
altitude circles which conform to the altitudes he has read with his 
sextant. He follows along one circle until it intersects the other, mak- 
ing sure that he has selected that intersection which is nearest his DR 
position. He must be at that point. He obtains the latitude of that 
point by projecting it horizontally to the latitude scale of the chart. 
He obtains the LHA 7 with respect to the hour circle of the point by 
projecting it vertically to the horizontal scale. He still does not know 
his longitude, but he does know the GCT of the observation and enter- 
ing the Air Almanac with the proper date he can obtain the GHA 
at that instant. Knowing GHA 7 and LHA Tf for the same absolute 
instant, he can quickly determine his longitude by drawing an hour 
angle diagram and combining GHA 7 and LHA 7 as indicated 
thereon. This is the principle upon which star altitude curves are 
constructed. 

h. (1) Obviously, two stars will not suffice to cover the entire 24 
sidereal hour period because it is almost certain that each will be below 
the horizon for several sidereal hours each day unless the star’s dec- 
lination and the observer’s latitude are both quite high. To circum- 
vent this, the position circles of several stars are plotted so that no 
matter at what instant the observer chooses to observe, at least two 
of these stars will be above his horizon and at a favorable altitude. 
For an observer in northern latitudes, Polaris is always visible. For 
this reason, it is an excellent star to include in the curves and is usable 
throughout the entire period from the instant LHA 7 is 0° to when 
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LHA f is 360°. To assure clean-cut intersections of the other posi- 
tion circles with those of Polaris, the other stars chosen are those near 
the observer’s prime vertical. But since the observer may be in any 
latitude from 0° to 90°, several stars whose SHA’s may not differ 
greatly but the declinations of which differ considerably must be included 
in the curves to assure this clean intersection regardless of latitude. 

(2) The Star Altitude Curves are no more than a sectionalized 
Mercator chart with the position circles of three stars plotted thereon. 
Inspection of the curves shows that the companion stars are switched 
with the passage of time so as to insure that two stars favorably 
disposed in altitude are always available. Also, inspection of several 
latitude bands will show that the same two companion stars do not 
serve the same sidereal time period for all bands. The principal 
reason for including three stars is to enable a fix to be procured though 
one star may be obscured by clouds. 

1. Circles of the globe do not appear as circles on the Mercator pro- 
jection. Therefore procedure in drawing the circles of equal altitude 
on the chart consists of more than placing a drafting compass at the 
geographical position and circumscribing a system of circles. 

(1) One approach to the problem is first to draw the circles on a 
stereographic projection which has the characteristic that all circles 
on the earth appear as circles on the projection. The latitude and 
LHA 7 of several points on each circle may then be picked from the 
stereographic projection, transferred to the Mercator, and a smooth 
curve drawn through these points. The Mercator is used for the 
final plot because of the great ease with which the navigator may pick 
off coordinates of the point of intersection of two altitude circles. This 
cartographic method of obtaining the position circles is not followed, 
however, for two reasons, first, significant errors in construction 
result. especially when drawing circles of great radius; second, it is 
relatively difficult to pick off the latitude and LHA 7 of the thousands 
of points necessary to make an accurate transfer from the stereo- 
graphic to the Mercator because the meridians and parallels of a 
stereographic projection are circles which do not intersect at mght 
angles. 

(2) The other approach to the problem is to locate a sufficient 
number of points on each equal altitude circle by solving thousands 
of astronomical triangles. To cut down on the number of computa- 
tions, only the points where each whole degree altitude circle cuts 
either a whole degree parallel or a whole degree of LHA 7 are deter- 
mined. ) 

(a) One way in which this may be done is to employ the Hagner 
computer. Let it be supposed that the navigator wants to know at 
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what LHA 7 a certain altitude circle will cut a selected parallel. 
He sets in declination of the star, altitude of the position circle, and a 
whole degree of latitude. He now collimates the telescopes by varying 
the LHA and azimuth scales. When collimation has been effected, he 
reads the LHA of the star from the LHA protractor. He extracts the 
SHA of the star from the Air Almanac, combines it properly with the 
LHA of the star as indicated by an hour angle diagram, and thus finds 
the LHA Y.. He now has the coordinates of. the point in latitude and 
LHA 7 and can plot them on the chart. 

(b) To find at what latitude the circle intersects a whole meridian of 
LHA T he begins by combining the LHA T with the SHA of the star 
to find the LHA of the star. Now, setting the LHA and declination of 
the star and the altitude of the circle on their respective scales, he 
solves for latitude by collimating with the latitude and the azimuth 
verniers. He again has the two coordinates of a point on the position 
circle and can locate it on the chart. The reading of the azimuth scale 
was not used during either procedure. 

(3) The various points may be located by using an A-4 line of posi- 
tion computer or by means of several of the tabular methods of reduc- 
ing the astronomical triangle. When using these methods, the 
computations are speeded up considerably if an A—5 time conversion 
computer is available. Actually, in constructing the Weems curves, 
the tables contained in H. O. 203 and 204 were employed. After the 
whole degree curves were drawn in, the distance between the whole 
degree curves was divided into six parts to obtain the intermediate 
curves. 

82. Aircraft fix by the curves.—a. Polaris.—In using the curves 
to obtain a fix, it is customary to observe on Polaris and one of the 
two companion stars. When Polaris is not visible, the two com- 
panion stars must of course be used. The reason for using the star 
Polaris as one of the two bodies observed may be found in the fact 
that the altitude of Polaris changes so slowly that no adjustment need 
be made to it for the difference in time between the two observations 
as must be done when the other stars are used. Polaris presents no 
advantages over the other stars insofar as adjustment for the run of the 
airplane between observations is involved. This latter adjustment 
must be made regardless of the stars observed. Both of these ad- 
justments are explained in subsequent paragraphs. 

b. Determining what stars to observe.—Before the star curves may 
be used, the navigator must determine what stars in addition to 
Polaris are contained in the curves for the specified LHA 7 or LST. 
The procedure in every case is— 
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(1) From Air Almanac extract approximate GHA fT (to nearest 
10-minute interval) for GCT of contemplated observation. Apply 
DR longitude (nearest whole degree is sufficient) to GHA 7 to obtain 
approximate LHA 7. The approximate LHA 7 (LST) may be ob- 
tained also by using A-5 computer or rude star finder, if either is 
available. 

(2) Enter that latitude band of the star curves which includes the 
DR latitude. Turn to page containing the LHA r. From top of 
page note names of the two companion stars. If the observer bears 
in mind that the azimuth of the body is always perpendicular to the 
system of position circles, the bodies may be identified quickly in the 
heavens from inspection of general direction in which altitude curves 
run and from approximate altitude printed on the curves. Remember 
that the geographical position of the body lies always on the concave 
side of the curves. 

(3) If any doubt exists as to what latitude band to select, observe 
Polaris and enter that band which includes observed altitude. 

(4) Ordinarily one of the two companion stars will be more conven- 
lently positioned for observation from the navigator’s post than the 
other. The more convenient star should be selected as the one to be 
observed with Polaris. 

c. Fix using Polaris and companion star.—(1) Observe altitude 
of Polaris and note GCT of observation. 

(2) Immediately thereafter observe altitude of companion star and 
note GCT of observation. 

(3) Correct both altitudes for all errors of observation except 
refraction. The curves are adjusted to include refraction correction. 

(4) Turn to proper page of curves and locate altitude circle of 
Polaris. 

(5) Adjust altitude of Polaris for run between observations. To do 
this, from any point on the Polaris curve plot the course and distance 
run (as ascertained from dead reckoning knowledge of track and ground 
speed) between time of Polaris observation and that of the companion 
star sight. The Polaris curve at end of run is the altitude which would 
have been read on Polaris had the airplane been at the same location 
as when the companion star observation was taken but not at the same 
time. However, no adjustment need be made to Polaris for elapsed 
time between observations because its altitude changes slowly. If 
the course is generally east and west, no adjustment need be made to 
Polaris for change in altitude due to run between observations. 

(6) Find intersection of adjusted Polaris curve with companion star 
curve. This points marks the fix at the time the companion star was 
observed. 
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(7) Project this point horizontally to latitude scale and read obser- 
ver’s latitude. 

(8) Project point vertically to LHA 7 scale and pick off LHA 7 
with respect to observer’s meridian. This value of LHA T 1s always 
measured westward from observer’s meridian from 0° to 360°. 

(9) From Air Almanac extract GHA 7Y for GCT of observation 
on companion star; that is, enter with GCT of second observation. 

(10) Combine GHA 7 and LHA 7 as indicated by a time diagram 
to obtain longitude, or obtain longitude by the rules that-— 

(a) If observer is in west longitude, longitude W.=GHA r —LHAT. 

(b) If observer is in east longitude, longitude E..=LHA r—GHA 7. 
Add 360° if necessary to make the subtraction. 

d. Fix using companion stars, Polaris not msible-—(1) General.— 
When Polaris is not available, the two companion stars must be used. 
The procedure differs only in that adjustment must be made for 
elapsed time between sights as well as for run of the airplane during 
the interval. The following procedure must also be followed when, 
although Polaris is observed, it is observed after the companion star. 

(2) Procedure.—In the following procedure, one of the companion 
stars is designated A, the other B. 

(a) Observe A and note GCT of observation. 

(6) Observe B and note GCT of observation. 

(c) Correct both observations for all errors of observation except 
refraction. 

(d) Find altitude curve of A. 

(e) Correct altitude of A for time elapsed between observations by 
choosing any point on the curve of A in vicinity of DR latitude and 
moving it horizontally to the right the difference in time between 
GCT of first and second observations. 

Notre.—The scale is in sidereal time units and the difference of GCT of the two 
sights in civil time units; for short intervals the difference in duration of so many 
minutes of civil time and the same number of sidereal minutes is so slight that it 
may be disregarded. 

(f) Correct altitude of A for run of airplane between the two times of 
observation. To do this, from any point on the circle adjusted for 
elapsed time plot the course and distance run between the two obser- 
vations. End of run will now indicate altitude circle of A had the 
star been observed at same place and same time as star B. 

(g) Find point of intersection between altitude curve of B and last 
adjusted altitude circle of A. This is the fix. 

(hk) Determine latitude of point by referring it horizontally to 
latitude scale. 
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(2) Project point vertically to LHA YT scale. Then determine longi- 
tude by combining LHA YT with GHA 17 corresponding to GCT of 
second and last observation. 

e. Alternate method for fix whereby no adjustments are required on 
curves.—(1) If the two sights can be taken almost simultaneously, the 
following procedure will eliminate adjusting the curves for elapsed 
time between sights and for run of airplane. 

(a) Take a series of sights on star A and plot against time on 
altitude-time cross section paper. 

(6) Immediately switch to star B, take series of sights and plot 
against time on altitude-time cross section paper (use the same time 
scale). 

(c) Now switch back to star A, take another series and plot against 
time (continue to use the common time scale). 

(d) On cross section paper draw the best representative curve 
through the first series on A and last series on A. 

(e) Find average time and average altitude of series on B. 

(f) Determine altitude of A as read on the best representative 
curve at the average time of series on B. 

(g) Result is altitude of A had it been observed at the same instant 
and from the same place as B. 

(kh) Entering Star Altitude Curves with altitudes of A and B for 
time of observation on B, find intersection of altitude circles. This 
point is the fix at time B was observed. 

(4) Determine latitude and longitude of fix in prescribed manner. 

(2) If Polaris is one of the stars observed and the foregoing method 
is used, Polaris should be observed first and last. By so doing the 
time of observing on Polaris need not be recorded so long as approxi- 
mately the same time intervenes between the first observation of 
Polaris and companion star as exists between the observation on the 
companion star and the second observation on Polaris. This is 
allowable because the altitude of Polaris changes slowly with the 
passage of time. The mean time of observation on the companion 
star is used as the time of observation of Polaris and the average of the 
two observed altitudes of Polaris 1s approximately the altitude for the 
instant of GCT at which companion star is observed. 

(3) Obviously an additional series of sights is required when using 
the alternate method just described. Whether the time and effort 
consumed in taking the additional series are less than that necessary to 
adjust sights on the curves themselves for change in altitude due to 
time between observations and due to run of airplane in the interval 
depends on a number of variables. If an averaging octant is available 
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and the air is smooth, the alternate method may prove faster than 
that involving the two adjustments. Practice will indicate which 
procedure to follow. 

(4) A point in favor of the alternate method is that the Star Altitude 
Curves are not gridded as well as might be for ease in projecting 
points and for laying off courses as must be done when making adjust- 
ments on the curves themselves. Furthermore, when adjustments 
are made on the curves themselves, an inexperienced navigator is 
liable to become confused amidst the many lines drawn on the curves. 

f. Fix using all three stars.—Time and visibility permitting, there is 
no reason why a fix cannot be obtained using all three stars. It is 
customary to adjust the first two observations to the instant of the last 
observation. The three resultant LOP’s will intersect in a “cocked 
hat” and the fix is considered as being at the center of gravity of the 
triangle. 

g. Line of position from single observation.—When only one of the 
three stars is visible, a single line of position may be obtained quickly 
as follows: 

(1) Observe star and note GCT of observation. 

(2) Assume a whole degree longitude somewhat east of DR posi- 
tion and compute LHA 7 for GCT of observation. 

(3) Assume a whole degree longitude somewhat west of DR position 
and compute LHA 7 for GCT of observation. 

(4) Enter curves and extract latitude at which altitude circle 
intersects each of the LHA Y meridians. Record latitude corre- 
sponding to each assumed longitude. 

(5) Plot points on general work chart. A straight line joining 
them is the LOP. | 

88. Examples.—a. No. 1.—(1) Problem—A navigator in DR 
position 37°00’ N—75°00’ W at 02° 20" GCT January 1, 1941, wishes 
to obtain a fix using star altitude curves. Required, stars available 
for use in obtaining a fix. 


(2) Solution. 
GHA 7¢ at 02° 20" GCT (from Air Almanac). - - __- 135° 21’ 
DR longitude (west)......._....---------------- —75° 00’ 
LHA 7 at 02" 20° GCT________-_- eee 60° 21’ 


Turning to the 30°-40° latitude band of the curves, the navigator 
refers either to the yellow index page or the body of the curves at LHA 
7 —60°21’ and notes that Polaris, Pollux, and Sirius are the three stars 
he may use by this method. 

b. No. 2.—(1) Problem.—A navigator in DR position 38°00’ N.- 
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75°15’ W observes Polaris at 02" 22" GCT, January 1, 1941. H, 
Polaris 39°07’. At 02° 27" GCT he observes Sirius. H, Sirius 24° 
15’. Bubble correction 0’. True course 135°; ground speed 240 
knots. Required, fix at 02" 27" GCT. 
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FIGUERE 50.—Star altitude curve solutions. 
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(2) Solution.—(a) Since refraction correction is included in the 


curves and there is no instrument correction, the altitudes with which 
to enter the curves are Polaris 39°07’, Sirius 24°15’. 
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(b) Refer to figure 50@. This is the page corresponding to the 
approximate LHA 7 with respect to DR longitude 75°15’ W when 
GCT is 02° 277 January 1, 1941. 

(c) Locate any point A on the Polaris curve of 39°07’. 

(dq) Adjust Polaris for travel of plane between observations as 
follows: Through A draw the course 135°. The airplane is traveling 
at a rate of 4 nautical miles per minute and the time between observa- 
tions is 5 minutes so B is 20 nautical miles from A. This gives an 
adjusted altitude of Polaris of 38°52’. 

(e) Follow along the 38°52’ altitude curve of Polaris until it inter- 
sects the 24°15’ altitude curve of Sirius at point C. Point C is the 
fix. No adjustment is necessary for elapsed time between observations 
because it is obvious from the figure that the change of altitude of 
Polaris due to time alone in the 5-minute interval between observations 
is almost imperceptible. 

(f) Project point C horizontally to the latitude scale to obtain ob- 
server’s latitude. Record latitude 38°02’. 

Caution.—Use a right-angled triangle in making this projection. 
Do not follow Polaris curves; they are not horizontal. 

(g) Project point C vertically and read LHA 7 to be 61°40’. 

(hk) Longitude is determined as follows: 

GHA 7 at 02° 20™ GCT, Jan. 1, 1941 (from Air 





Almanac). .________-_-__--____.----.... _ . 185° 217 
Correction to GHA fr for 07" (from Air Al- 

QTR ) ooo reas eer eet i 1° 45’ 
GHA 7 at 02 277 GCT___________-- eee 137° 06’ 
LHA 7 at 02° 277 GCT (from curves)._______-- —61° 40’ 

Longitude___.._.__...__.-_---_--_---- .. 75° 26°W 


(1) Therefore the fix at 02° 27" GCT January 1, 1941, is 38°02’ N.- 
75°26/W. 

c. No. 3.—(1) Problem.—A navigator in DR position 38°00’ N.- 
117°30’ W. observes Sirius at 05° 25" GCT January 1, 1941, and 
Pollux at 05" 307 GCT. H, Sirius 25°05’; H, Pollux 47°23’; bubble 
correction 0’. True course 200°; ground speed 240 knots. Required, 
fix at 05" 30" GCT. 

(2) Solution.—(a) The refraction correction being included in the 
curves and the instrument error being 0’, the altitudes with which to 
enter the curves are: Sirius 25°05’, Pollux 47°23’. 

(6) Refer to figure 50@. This is the page corresponding to the 
approximate LHA 7 with respect to DR longitude 117°30’ when 
GCT is 05" 30", January 1, 1941. 
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(c) Locate any point D on the Sirius curve for 25°05’ and in the 
vicinity of the 38° parallel. 

(d) To adjust for time interval between sights advance point D 
horizontally to the right to point E for 5 minutes of LST. The 
adjusted altitude for elapsed time only is 25°42’. | 

(e) To adjust Sirius for airplane’s run between the two observations, 
lay off course 200° from E and locate point F, 20 miles from E (5 
minutes at 4 nautical miles per minute). The altitude of Sirius 
adjusted for both elapsed time and run between observations is 25°52’. 

(f) Prolong the 25°52’ altitude curve of Sirius until it intersects 
the 47°23’ curve of Pollux. This is point G. 

(g) Project G horizontally to latitude scale and read latitude of 
the fix 38°18’ N. 

(hk) Project F vertically and read LHA ¢ to be 65°21’. 

(1) Longitude is determined as follows: 


GHA 7 at 05" 30" GCT Jan. 1, 1941_.______- 182° 59’ 
LHA 7 at 05° 30" GCT Jan. 1, 1941_.__.__-- —65° 21’ 
ONPG Cs 2 oo ea eth eee Bee 117° 38’ W. 


(j) Therefore the fix at 05° 30" GCT January 1, 1941, is 38°18’ 
N.-117°38’ W. 

84. Fix from stationary position on the earth.—An observer 
at a given place and time will measure a definite altitude of a star. 
The altitude will change with time and for a change in position. An 
observer in a fast moving airplane must advance his line of position to 
account for both of these effects. Obviously an observer on the 
earth need advance early observations for elapsed time only and may 
disregard adjustment for change of position. If Polaris is one of the 
stars observed and if it is observed first, no adjustment at all need be 
made to its altitude to advance to time of second observation. 

85. Use of annual variation in altitude.—a. The position of 
“fixed’’ stars.changes slightly from month to month and from year to 
year. For practical navigation the curves may be printed for a date 
about 4 years in advance and used over a period of about 8 years 
without serious loss in accuracy. When refinement is required and to 
extend the life of any edition of the curves over a longer period, an 
altitude correction may be applied which will give a correct solution 
for any desired date. The present curves are printed for January 1, 
1945. 

b. For convenience of the user, the annual correction to be applied 
to sextant altitude is shown in small type below the star names oneach. 
page. The correction is given in tenths of minutes of altitude with a 
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plus sign (+) when the correction is to be added to a sextant altitude 
taken later than the epoch date of the curves, and a minus sign (—) 
when the correction is to be subtracted for a later date. To correct 
for an earlier date, the signs are reversed. 

c. Referring to the sample curves in figure 50, if observations of 
Sirius, Polaris, and Pollux are made in 1945, the altitude correction 
for annual variation would be zero. For observations made in 1946, 
corrections of +0’.4, +0’.1, and +0’.7, respectively, would be made 
for Sirius, Polaris, and Pollux. For 1944 the same corrections as for 
1946 but with the signs reversed, would be made to sextant altitudes. 
For 1949, the correction to the altitude of Sirius would be 4*.4= 
+1’.6; for Polaris, 4X%.1=+0.’4; and for Pollux, 4x.7=2’.8. For 
1941, these corrections would be for Sirius, —1’.6; Polaris, —0’.4; 
and for Pollux, —2’.8. The sextant altitude corrected for annual 
variation is then used as if it were taken on the construction date of 
January 1, 1945. In practice, when the annual correction is small 
or when the observations are made within 3 or 4 years of the date for 
which the curves are printed, this correction would be ignored. 

86. Advantages and limitations.—a. [imitations—(1) The one 
obvious limitation of the Star Altitude Curves is that their use limits 
the observer to the three stars shown. During daylight and when 
none of the selected stars is visible, resort must be made to other 
methods of solution. Furthermore, the curves cannot be used except 
in latitudes from 0° to 70° N, at least until the other latitude bands 
are constructed. 

(2) The curves are expensive, although not as costly as mechanical 
computers. 

b. Advantages.—(1) Balancing the above limitations is the great 
speed with which.a fix may be determined. When used by experienced 
personnel, the curves are the fastest of all existing methods for con- 
verting observations of the stars to fixes. 

(2) Accuracy of fixes obtained from the curves is well within limits 
required for air navigation. If data used in entering the curves are 
correct results will give latitude and longitude of fix to the nearest 
minute of arc. 


SECTION XI 
PRECOMPUTATION 
Paragraph 
POIDOS8G 26 chasse cose tele eee ed ete sei eee eee ens 87 
Altitude and azimuth curves. ____..-_..-____.._----_---- ee eee. 88 
Change in altitude per minute of time_________.._____-_---.-.-____ ee. 89 


87. Purpose.—The purpose of precomputation as applied to 
celestial navigation is to permit the navigator to plot the aircraft’s 
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line of position or fix its position almost instantaneously after taking 
observations. Precomputation affords no saving in labor. Its 
advantage lies in the fact that computations are performed on the 
ground before take-off. On those occasions when there is insufficient 
time to precompute data on the ground, the navigator frequently 
takes advantage of spare time periods during flight to compute data 
intended for use at a future time. 

88. Altitude and azimuth curves.—a. Definition—A precom- 
puted altitude and azimuth curve is a graphical representation of the 
altitude and azimuth of a celestial body as it would appear from a sin- 
gle assumed position or a series of assumed positions over a period of 
time. Thus a precomputed curve may be looked upon as a continuous 
solution of the astronomical triangle. 

b. Purpose.—Precomputed curves obviate the necessity of solving 
the astronomical triangle during flight, thus speeding up the process 
of position finding and helping to avoid navigator fatigue. Precom- 
puted curves serve the same purpose with respect to observations 
taken on those bodies which change rapidly in right ascension and 
declination (sun, moon, and planets) that the permanent star altitude 
curves serve for observations made on one or more of the specific stars 
listed therein. The fact that the sun, moon, and planets do not 
maintain fixed positions in the heavens renders it impossible to con- 
struct permanent altitude curves for use when observing these bodies. 
Therefore precomputed curves are temporal in nature. Occasionally, 
however the navigator may elect to draw precomputed curves for 
stars other than those listed in the permanent Star Altitude Curve 
book, and if plotted with a sidereal time or sidereal hour angle abscissa, 
these may be used permanently (over a 4- or 5-year period). 

c. Types.—The two types of precomputed curves are— 

(1) Stationary. 

(2) Course. 

d. Stationary.—(1) Plotting.—A stationary curve is one in which all 
computations have been made using a single assumed position. 
Selection of assumed position depends upon what use the navigator 
plans to make of the curve, as discussed later in this paragraph. 
The altitude and azimuth of the selected body are computed for con- 
secutive, integral 20-minute intervals of time. These computations 
are usually simplified by using one of the methods which places no 
restriction on the navigator’s choice of assumed position, that is, by 
using H. O. 211 (Ageton) or the A-3 or A-4 computer. The number 
of interpolations required when using H. O. 214 from a selected posi- 
tion not on an integral parallel and not at such a longitude as to give 
an integral LHA make it rather inconvenient to use for precomputing 
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altitude curves. The altitude and azimuth from each solution are 
plotted against the corresponding GCT on precomputed curve plotting 
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paper and free flowing curves are then drawn through the plotted 
points. 
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(a) Figure 51® shows an altitude and azimuth curve of the sun 
for assumed position 40°00’ N.-75°00’ W. for the period 13° 00™ to 
21" 00" GCT (8:00 A. M. to 4:00 P. M. EST), June 30, 1940. The 
time, altitude, and azimuth scales used in figure 51@ have been made 
purposely small so that the full, unbroken curves may be plotted. 
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The altitude scale is given on the left-hand ordinate, and azimuth on 
the right. It will be noted that altitude increases and decreases most 
rapidly in the early morning and late afternoon, respectively, whereas 
the azimuth change is greatest at local noon. 

(6) Figure 51@ shows a portion of the same curves as they would be 
plotted for actual use in the airplane so as to give the navigator a 
larger scale for plotting positions and yet not have the work sheet so 
large as to be cumbersome and unhandy for practical use. A 2-hour 
portion is shown. The curves are broken into sections to save space. 
It is customary to allow one small space vertically to represent 10’ 
of altitude and 1° of azimuth, and one small space horizontally to 
represent 1 minute of time. The azimuth scale is plotted with a small 
scale because azimuth accurate to within \ degree is entirely satis- 
factory; the same is not true of altitude which should be plotted so 
that interpolation to within 1’ may be made by eye. The time scale 
and degrees of altitude and azimuth scales are written beside the sec- 
tion of the curve to which they apply, thus permitting a small piece of 
paper to serve an extended curve. To obtain a smooth, accurate 
curve, drafting splines held in place with weights should be used when 
drawing the line through the plotted points. The azimuth curve is 
drawn usually with a colored pencil in order to distinguish it readily 
from the altitude curve. 

(c) Actually, it is neither necessary nor desirable to draw the azimuth 
curve. It is preferable to draw azimuths for the integral 20-minute 
periods on the chart through assumed position or to plot them on an 
auxiliary compass rose as shown in figure 52® and @, respectively. 
These figures show the azimuth for the same 2-hour period as figure 
51@. The azimuth for any intermediate time is determined by eye 
interpolation. Obviously the methods of plotting azimuth shown in 
figure 52 save considerable time. 

(2) Use.—Precomputed curves are based upon the line of position 
principle. An observation is taken and sextant altitude corrected for 
errors of observation. The plotter moves along the time scale to 
time corresponding to instant of observation and then moves verti- 
cally up the ordinate, placing an identifying mark at altitude corre- 
sponding to observed altitude. The vertical distance between the 
plotted observation and the curve expressed in the units of the verti- 
cal scale of the graph paper is the intercept. If the observed altitude 
is above the curve, that is, greater than the calculated altitude for the 
same instant, the observer is on a position circle closer to the geo- 
graphical position of the body by a distance equal to the intercept; if 
the plotted observed altitude is below the point on the curve for the 
corresponding time, the observer’s position line is away from the body. 
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If the navigator wishes to draw his line of position on the chart, the 
azimuth interpolated by eye for the instant of observation is used to 
orientate the position line which is drawn just as any other LOP, 
that is, the azimuth line must be drawn through assumed position 
used in constructing the curve, and the intercept measured from 
assumed position. Since the curve has been drawn using a single 
assumed position, it is evident that the curve will give satisfactory 
accuracy only when observer is within approximately 100 miles of 
the assumed position, although in the hands of an interpretive navi- 
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FIGURE 52.—Azimuths of sun. 


gator it will prove useful over greater distances. By reason of the 
fact that a single assumed position has been used, stationary curves 
find their greatest application when making a landfall or conducting 
an area patrol. To eliminate the necessity of applying corrections to 
.sextant altitude in precomputed curve work, corrections are some- 
times applied to computed altitudes with reversed sign before plotting 
the points through which the curve is drawn. The navigator may 
also apply correction for combined bubble and personal error to the 
computed altitude with reversed sign so that the sextant reading may 
be compared with the curve without applying any corrections. This 
is @ trivial operation during the precomputation process but one 
which saves the navigator a step in the air. Since publication of 
refraction tables which take into consideration effect of height of 
aircraft, the tendency has been to avoid including refraction correc- 
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tion in the curve because it is seldom that the navigator can foresee 
the altitude at which the aircraft will be flying at the time of the 
observation. 

(a) Celestial landfall (fig. 53). 

1. It is assumed in this problem that only one body is available 
for observation. Prior to take-off a stationary curve is 
drawn using the destination as the assumed position. The 
curve is computed over a period of time providing suffi- 
cient overlap to account for any difference between actual 
time of arrival in vicinity of objective and ETA. In 
flight, the procedure is similar to that outlined in para- 
graph 55d. From the poimt of departure the navigator 
flies a course which will definitely place him to one side of 
objective. An alternative procedure consists of flying a 
course directly to the objective until a half hour or so 
before estimated time of arrival at destination, then flying 
a course equal to computed azimuth until arriving on a 
circle of equal altitude through destination. The curve is 
used to tell the navigator when the aircraft is on the same 
circle of position as that through destination. This is 
done in the following manner: Well before his estimated 
time of arrival at destination the navigator begins taking 
periodic observations of the body and plots them against 
the computed curve. The plotted observations usually 
will not coincide with the curve but will approach closer 
and closer to it. Observations are continued until just 
prior to the instant at which the best representative curve 
through the plotted observations intersects the curve of 
computed altitudes. The curve of plotted observations 
is now quickly extended until it intersects the curve. 
This intersection will mark the instant at which the air- 
craft is on a position circle through the destination. At 
the time corresponding to the intersection he takes up a 
course of 90° plus or minus computed azimuth, depending - 
on which side of destination he has directed his airplane, 
and flies to the objective. After making the turn to objec- 
tive and adjusting heading to account for drift, observa- 
tions should be continued. To assure that the aircraft 
will pass over the destination, its course should be adjusted 
so that the plotted observations continue to fall on the 
curve. If plotted points tend to fall above the curve, air- 
craft is closer to body than it should be; therefore a minor 
adjustment away from direction body bears should be 
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Fiocure 53.—Landfall using stationary curve. 
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made, and vice versa if plotted points tend to fall below 
the curve. This procedure may be likened to an airplane 
zigzagging back and forth between the A and N twilight 
zones of a radio range until correct heading is finally ascer- 
tained. Theoretically in order for the plotted observa- 
tions to continue coinciding with the computed curve, a 
curved path over the earth would have to be flown to take 
into account the change in azimuth with the passage of 
time. In practice this is not necessary unless the aircraft 
has been directed considerably to one side of the destina- 
tion. Normally the leg in to the destination is so short 
that once the correct course has been taken up (az.+90°), 
plotted observations will henceforth fall on the curve. 


2. Celestial landfalls need not necessarily be made by directing 


airplane definitely to one side or the other of the objec- 
tive. If the navigator is in doubt as to the direction of 
destination he should take up a course of azimuth +90° 
or azimuth —90°, whichever he believes to be correct, as 
soon as his observations intersect the curve. Then at 
intervals of about 5 minutes he takes at least three sets of 
observations which will indicate whether objective lies 
ahead or behind by the rules that— 
When course is azimuth + 90°, if altitudes plotted are— 
Less than curve, destination is ahead. 
Greater than curve, destination is behind. 
When course is azimuth — 90°, if altitudes plotted are— 
Less than curve, destination is_ behind. 
Greater than curve, destination is ahead. 
Obviously this procedure is a time consumer if the naviga- 
tor chances to choose the wrong direction to turn. There- 
fore the method of heading definitely to one side of the 
objective to eliminate any doubt as to the direction of turn 
is preferred. 


8. Figure 53 illustrates a celestial landfall made on an objective 


at 40°00’ N.-75°00’W., using the sun on June 30, 1940. 
The navigator has estimated his arrival in the vicinity of 
the destination will be 16" 00" GCT and his drawn a sta- 
tionary curve for the period 15" 207 to 16°20" GCT. He 
flies a course well to one side of the objective as shown in 
the figure. At 15° 30™ he begins taking sights, comparing 
observed altitudes with the curve and gets the indications 
shown in the figure. He notices that curve of plotted 
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observations will intersect precomputed curve at 15° 55”. 
At 15" 55™ he takes up a course of 45%° (az. —90°), and 
passes over the destination at 1610. He continues his 
observations while flying the leg in to the objective. 
These are shown plotted on the graph. They assure the 
navigator that the aircraft will pass over the objective. 

(6) During patrol of area.—Assuming that an aircraft is required to 
patrol an area, the midpoint of which is not over 100 miles from any 
point on the perimeter, a stationary curve may prove useful. The 
midpoint of the area is selected as the assumed position. As long as 
the aircraft remains somewhere in the patrol area, the navigator may 
plot his position line almost instantaneously by using the curve. If 
the area is very large it is practical to make two or more stationary 
curves of the same body using different assumed positions so that at 
least one of the assumed positions will always be within 100 miles of 
the aircraft’s position. If two celestial bodies favorably disposed in 
azimuth are available, two curves may be drawn and fixes obtained 
by observing on both bodies and handling in usual manner. 

(c) To determine combined bubble and index error.—The navigator 
finds the stationary curve useful when determining combined bubble 
and personal error. Only the altitude curve is needed. It is con- 
structed using the ground position at which observer intends to do his 
calibrating as the assumed position. Corrections for refraction and 
parallax (in case of moon only) are usually applied to the curve with 
reversed sign before it is drawn. Now he compares observed altitudes 
with precomputed altitudes for the same instant of time. The ob- 
served altitudes should plot exactly on the curve. If they do not, 
the vertical distance between the observed and curve altitudes is the 
combined bubble and personal error. Complete description of these 
errors is given in section VIII. 

(d) During octant practwce.—The value of the stationary altitude 
curve in which refraction and parallax corrections have been incorpor- 
ated for preliminary octant practice on the ground is apparent from 
(c) above. Provided there is no bubble or personal error and the 
correct time is carried, observed altitudes when plotted should fall on 
the curve. The plotted observations give the beginner an excellent 
picture of his erraticities. 

(e) To determine time.—Radio time signals have eliminated the 
necessity for the navigator to check his chronometer by observations 
made on a celestial body from a point of known latitude and longitude 
with a properly calibrated sextant. However, in an emergency, 
GCT may be checked by drawing a stationary altitude curve for the 
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observer’s known location. The combined bubble and personal error 
is known and applied to the curve with reversed sign, as are refraction 
and parallax if necessary. The observer measures a series of altitudes, 
recording each altitude and corresponding watch time. Each meas- 
ured altitude is then plotted exactly on the curve, the corresponding 
curve time being noted. Watch and curve times are then compared 
for the watch error. The average of time discrepancies of a number 
of observations is taken as the watch error. Obviously, the steeper 
the altitude curve the more accurate will be the determination of the 
watch error. If the body bears approximately east or west and is not 
so low in the heavens as to make refraction indeterminate, a satisfac- 
tory steepness of the altitude curve is assured. Since observations 
taken using the bubble level are not so precise as those made on the 
visible horizon, it is evident that GCT determined by the bubble 
octant will be liable to be a few seconds in error even when determined 
by an experienced observer. 

—e, Course curves (fig. 54).—(1) Plotting.—A course curve is one 
which has been drawn for a course that is to be flown. It differs from a 
stationary curve in that the periodic computations for altitude and 
azimuth are made with a different assumed position being used for each 
solution. A course curve may be regarded as a composite made from 
several short stationary curves. In constructing a curve for a course 
the course line between the point of departure and point of arrival is 
first drawn on the chart. Using the preestimated ground speed the 
course line is divided into 20-minute intervals beginning at the point 
of departure. The point of departure is labeled 1, the next division 2, 
etc. The latitude and longitude of each of these points is recorded. 
Now the astronomical triangle is solved for altitude and azimuth. 
The time of the first solution will be proposed time of take-off and the 
assumed position will be the coordinates of the point of departure. 
The time for the second solution will be the estimated take-off time + 
20 minutes and the assumed position the coordinates of position 2. 
These calculations are made for the entire estimated period of flight. 
The computed altitudes are now plotted on graph paper in a manner 
similar to that used in constructing a stationary curve, and a curve 
drawn through the plotted points. The curve will not usually be as 
smooth as a stationary curve due to many factors although it is some- 
times difficult to distinguish between unlabeled stationary and course 
curves. The azimuth curve is usually omitted, azimuths at assumed 
20-minute instants being drawn through corresponding points on the 
chart (see fig. 54), or on an auxiliary compass rose. The altitude 
curves are usually drawn to include sextant corrections with signs 
reversed as was done in the case of stationary curves. 
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(2) Use.—(a) An important fact to remember and one which leads 
to confusion is that preplanned course and time schedule need not be 
made good in order to use a course curve. The only restriction on this 
type of curve is that the schedule be maintained within about 200 
miles. This is done to keep assumed position within a reasonable 
distance of actual location of the aircraft in accordance with principles 
already discussed. 

(b) Suppose the navigator, using a predrawn curve for the flight, 
has made an observation and wishes to lay down his position line. 
After the intercept has been obtained in the manner previously 
described and azimuth interpolated (assuming azimuths from solutions 
are arranged as in fig. 54), the line of position may be laid down quickly 
on the chart. It will be remembered that azimuth must always be 
laid off at assumed position and interecept measured from that point 
(or from a position line through it). The question then arises as to 
location of assumed position. Assumed positions used in the calcula- 
tions were estimated 20-minute positions along the course. These 
positions were marked on the chart when located. Let it be supposed 
that near each of these marked positions on the chart the preflight 
estimated GCT of arrival is written. The assumed position at any 
intermediate time can then be located by interpolating. An ‘‘eye’’ 
interpolation generally will be sufficiently accurate. From the 
assumed position thus arrived at (located by GCT of observation) 
azimuth is laid off. The intercept is then measured along the azi- 
muth line and the line of position drawn through the point obtained, 
as shown in figure 54. The actual DR position has no part whatever 
in plotting of position line and 1s only considered after position line is 
on the chart. Figure 54 shows a plotted line of position for an observa- 
tion taken at 17° 05" GCT. The altitude difference (intercept) is 
40 miles and is laid off away from the body. 

1. Figure 55@ shows results of an early take-off or being ahead 
of schedule. Assume that the navigator made an observa- 
tion at 1500 GCT, the instant he had decided upon before 
flight for take-off. Although well along on his course, the 
azimuth must be laid off at point of take-off and the inter- 
cept must likewise be measured from that point. Much 
the same sort of a plot would result if, even though the air- 
plane takes off on schedule, it subsequently makes good e 
greater ground speed than was estimated before flight. 
If take-off is made on schedule a sight at 1500 GCT will of 
course run through position 1, but if a sight is taken at 15° 
20™ GCT, the plotted LOP laid off from 2 will intersect the 
course line between 2 and 3, provided the airplane has 
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made good the course and a greater ground speed than 
pre-estimated. 

2. Figure 55@ indicates a late take-off or being behind schedule. 
Assume the navigator had planned on a 1440 GCT take- 
off but actually cleared at 1500 GCT. If he should take a 
sight at 1500 GCT, the plotted LOP would be as shown. 
Much the same sort of a plot would result if, even though 
the airplane departs on schedule, the ground speed actually 
made good is less than the preflight estimation. For ex- 
ample, if a sight is taken at 1520, the plotted LOP laid off 
from 2 will intersect the course line in the vicinity of 1, 
provided the airplane has made good the course and a 
ground speed less than pre-estimated. 
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Fieguse 55.— Using course curve. 


(c) Course curves for two bodies.—If the flight is planned during a 
period when two celestial bodies will be visible, it is self-evident that 
the aircraft’s position may be fixed by using two course curves, one 
drawn for each body. Each line of position is plotted as heretofore 
described, theintersection of two simultaneous LOP’s being the aircraft’s 
position. Since the two course curves will definitely fix the airplane’s 
position, they are more valuable than a single curve. If available, 
bodies the azimuths of which differ by approximately 90° during the 
period of contemplated use should be chosen. 

89. Change in altitude per minute of time.—a. The change in 
altitude per minute of time table (fig. 56) provides a method whereby 
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the navigator may adapt a solution of the astronomical triangle to an 
observation taken at a later time. It enables the navigator to solve 
the astronomical triangle in advance during his spare time even 
though the exact time of intended observation is unknown. Referring 
to the table it will be noticed that the entering arguments are latitude 
and azimuth, the latter being an azimuth measured from north or 
south not to exceed 90°. For example, if the azimuth determined 
by solving the astronomical triangle is N. 150 E. the table is entered 
with an azimuth of 30°. This arrangement permits using fewer 
tabulations. The latitude entry is that of the assumed position. The 
figure taken from the body of the table is the change in altitude of body 
per minute of time, the change being tabulated in minutes and 
tenths of arc. No interpolation is necessary if the table is used as 
given in the following example. The principle of the table is based 
on the assumption that motions of all celestial bodies are constant 
and the same over short periods of time. The table does not take 
into consideration the change in altitude due to travel of the aircraft 
and this must be considered when plotting the LOP, as will be 
explained. The later condition constitutes one of the main objections 
to using this method of precomputation in an aircraft. 

b. Example (fig. 57).—Assume that an aircraft is making 240 knots 
on a course of 160°. It is now 0830 EST and the navigator plans to 
obtain sun line at 0900 EST. The navigator estimates that his DR 
position at 0900 EST will be 40°20’ N.—74°30’ W. He computes 
altitude and azimuth for 0900 EST using 0900 EST DR position as 
assumed position. The computed altitude is 48°00’ and the computed 
clockwise azimuth 100° (S 80° E). The azimuth line is plotted on 
the chart through the 0900 DR position. In order to make the 
average time of observation roughly agree with the preselected time 
(0900 EST), the navigator begins observing just before 0900. Upon 
averaging the individual sights he obtains an observed altitude of 48° 
15’ at 09° 03" EST. He extracts the change in altitude per minute 
of time from the table by entering with latitude 40° and azimuth 80°. 
The change per minute is 11’.3. The actual time of observation differs 
from assumed time by 3 minutes; therefore total change is 
3 11’.3=33’.9. The observation is late and the body is rising 
(as indicated by LHA), therefore the correction is subtracted from 
observed altitude; 48°15’ —33’.9=47°41’. In other words, 47°41’ 
is the adjusted observed altitude. Itis the altitude the observer would 
have read had the observation been made at 0900 EST, provided 
there had been no movement of the aircraft between 0900 and 0903. 
A provisional line of position AB is plotted on the chart. This line of 
position is now adjusted for travel of the airplane during the 3-minute 
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period by retarding the provisional line of position a distance of 12 
miles (3 min. at 240 K) along the course line. The corrected 0900 
LOP is shown in the figure. 

c. Fiz.—It is evident from the foregoing that the ‘change in alti- 
tude per minute of time table may be used with comparable effec- 
tiveness when dealing with fixes. The method is especially applicable 
to adjust the observed altitude on one body for the same instant of 


AL 






ob EST 


4.0° 


bg 1* 7 


FIGURE 57.— Use of change of altitude per minute of time table. 


time as an observation on a second body. Here again however care 
must be exercised to take into account run of the aircraft during the 
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90. Importance.—a. The first step in determining a celestial line 
of position consists-in selecting the heavenly body to be observed and 
positively identifying it. If the sun or the moon is the body selected, 
there is no question of identification. When stars or planets are to be 
observed the problem becomes more difficult. The frequency with 
which the more prominent stars and planets are observed requires that 
the navigator be able to identify them on sight in clear weather by 
their positions relative to each other. Furthermore, the speed at 
which the aerial navigator must work makes it necessary that he be 
able to recognize the principal stars without resorting to the laborious 
process of referring to star finders or star maps. When nearly over- 
cast conditions prevail thus preventing identification by relative 
positions, the navigator must be able with aid of a star finder or other 
means at his disposal to identify a single star appearing through a rift 
in the clouds. 

b. Considerable ground practice in identification should precede 
air work. Identification during flight is complicated by the fact that 
the navigator’s position in the airplane seldom provides all round 
observation, thus rendering identification by relative positions of stars 
more difficult. Furthermore, pronounced changes in the heading of 
the aircraft add to the difficulty of keeping stars oriented. 

91. Star maps and charts.—a. General._—Any flat map used in 
learning the stars has its disadvantages due to distortion. This is ap- 
parent in using the star chart shown in figure 58, in which the poles are 
stretched out into lines extending all the way across the map. A star 
globe is a desirable item of equipment when learning the stars, because 
it presents them in their true relationship. Obviously a globe would 
be most inconvenient to carry as part of the airplane equipment. A 
wide variety of star maps and finders is available for use of the student 
observer. In the absence of a celestial globe three separate star 
charts, two on the stereographic projection showing the stars of high 
northern and high southern declination, respectively, and the third 
on the Mercator projection for the stars in the vicinity of the equinoc- 
tial, will help to avoid confusion resulting from distortion. How- 
ever, the star chart shown in figure 58 will prove entirely adequate 
once the navigator has become accustomed to its use. 

b. World star chart—(1) In using the world star chart (fig. 58) 
during preliminary ground practice at night, it will be found of con- 
siderable assistance if observer locates position of his meridian for 
specified time of observation. This may be done in the following 
manner: 

(a) Enter Air Almanac with approximate GCT of time of observ- 
ing as an argument and extract corresponding GHA T. 
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(b) Find easterly LHA T with respect to observer’s meridian by . 
applying observer’s longitude to GHA T in accordance with the prin- 
ciples in section IV. This easterly LHA T is the westerly SHA of 
observer’s meridian at the time of observation, the only difference be- 
tween the two angles being direction of measurement. 

(c) Draw a vertical line on the chart through the abscissa corre- 
sponding to the SHA. This represents observer’s meridian. 

(d) Locate the observer’s zenith on this line by marking the point 
corresponding to the latitude of observer’s position, using declination 
scale. 

(2) The observer, having marked his position on the chart for the 
time of observation, may readily ascertain which stars are on or near 
his zenith and which lie to east or west and to north or south. By 
using the scale at extreme west edge of the chart he may make a rough 
estimation as to which of the stars shown on the chart will be visible at 
the time for which he has plotted his position. 

(3) In comparing the star chart with the heavens at night, it will 
be found helpful to hold the chart overhead, orienting it as indicated 
by the cardinal points printed along the border. 

c. Other star charts.—(1) The rear pages of the Weems Star Alti- 
tude Curve books contain satisfactory star charts and tables for giv- 
ing location of the most prominent constellations and stars at approxi- 
mate LCT’s through the hours of darkness. 

(2) Illyne’s star chart is actually a series of adjoining charts on 
various projections each designed to avoid great distortion. Hence 
the stars appear in their approximate true relationship thereon. 

92. Constellations.—To an observer the stars group themselves 
in conspicuous figures. The ancient peoples imagined these groups or 
constellations to resemble familiar figures and named them accord- 
ingly. The constellations still bear these names. The resemblance 
between the constellations and the objects for which they were named 
is so remote that the navigator will find these fanciful figures of no 
use in star identification. It is therefore unnecessary to attempt to 
recognize these fantastic figures. On the other hand, the common 
geometric patterns naturally apparent to the observer provide a quick 
and positive means of star identification and must be learned. 

93. Stars.—a. Names.—For centuries the brighter stars have been 
known by special names, as Altair and Capella. Each star also has 
another name consisting of a letter of the Greek alphabet and the 
genitive form of the constellation name. For example, the brightest 
star in the whole sky is Sirius, in Canis Major. Its name according 
to the Greek letter system is Alpha Canis Majoris. 
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b. Magnitudes.—The stars which are visible to the unaided eye 
are divided arbitrarily into six groups or magnitudes, depending upon 
their apparent brightness. The 20 brightest stars constitute the 
first magnitude group, and the faintest stars which can be seen by 
the ordinary eye on a clear night are of the sixth magnitude. The 
number of stars in each magnitude is about three times as great 
as the number in the preceding magnitude. A first magnitude 
star is approximately 2% times as bright as a second magnitude star, 
and so on. A star which is 2% times as bright as a first magnitude 
star is of magnitude 0, and still brighter stars have negative magni- 
tudes. For example, Sirius has a magnitude of —1.6. In speaking 
of the magnitudes of stars it is common to refer only to the nearest 
whole magnitude. Each whole magnitude includes approximately 
half a magnitude on either side of it. Thus, first magnitude extends 
from 0.50 to 1.50, second from 1.50 to 2.50, ete. 

c. Number of navigational stars.—At first impression the sky appears 
to contain a countless number of stars. Actually there are only about 
5,000 visible to the unaided eye. At any one time only half the sky 
is above the horizon, and those stars which are near the horizon are 
largely extinguished by absorption of light by the earth’s atmosphere, 
Therefore an observer never sees more than about 2,000 stars at one 
time. The Air Almanac gives the positions of 55 of the principal 
navigational stars and the Nautical Almanac includes positions of 
these stars and an additional 110. In actual practice only about 40 
of the principal stars are used to any extent and these are the only 
stars it is necessary to learn. Thus the problem of star identification 
is simpler than at first apparent. 

d. Identification by relative positions.—(1) Reference constellations.— 
The simplest way to learn the stars is to choose certain conspicuous 
constellations to use as a basis for fixing the other constellations and 
stars in the memory. After becoming familiar with the pattern and 
brightest stars within the constellations used as references, the other 
stars and constellations are learned by prolonging a straight or curved 
line through two or more of the known stars until it passes through 
a star whose identity is being considered and by noting the geo- 
metrical figure formed by three or more bright stars in the same vicin- 
ity of the heavens. It is advisable to learn two or three ways of 
locating each star for it is possible, in case only one method has 
been learned, that the directing marks may be below the horizon or 
obscured by clouds at time of observation. Constellations best 
suited as reference for finding the stars are— 

(a) Ursa Major or the Dipper for stars of high north declination. 
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(b) Orion in winter, Leo in spring, Scorpio in summer, and Pegasus 
in autumn for stars in the region of the equinoctial. 

(c) Crux Australis or the Southern Cross for stars of high south 
declination. 

(2) Ursa Major and stars identified from it.—(a) Ursa Major or 
the Dipper consists of seven principal stars. The two stars, Merak 
and Dubhe, at the end of the “‘bowl’’ are the brightest and point to 
the pole star or Polaris. Merak and Dubhe are known as the Point- 
ers. By continuing the broad curve of the handle around the sky, 
the first magnitude stars Arcturus, Spica, and Regulus are encountered. 
These three stars form a large triangle, rght-angled at Spica. To 
the southeast of this triangle lies Antares, a bright star of reddish 
tinge, forming with the adjacent stars the figure of a hand glass with 
Antares as the star at the junction of the glass and handle. Antares, 
Spica, and Regulus lie nearly in line and are separated by approxi- 
mately the same distance. 

Norn.—lIn referring to figure 58, it must be borne in mind that the polar 
regions are distorted. 

(6) Across the pole from the Dipper and about the same distance 
from Polaris is the constellation Cassioepeia. The principal stars of 
this group form the letter M or W, depending on position of the con- 
stellation in its diurnal path. Caph, the leading star of the constella- 
tion in its apparent rotation counterclockwise about the pole, is the 
only member of the group used by air navigators to any extent. It 
is worthy to note that Caph 1s near the meridian of zero right ascension 
and when it transits observer’s meridian it is approximately zero (0) 
hours local sidereal time, or LHA‘T =0°. 

(c) If an imaginary meridian is extended from Polaris through 
Caph it will be found to pass through Alpheratz, a second magnitude 
star, which is located in the constellation Pegasus, a great square. 

Nots.—lIn figure 58, the stars Alpheratz and Algenib comprising one side of 
the square are shown along the right hand edge of the map while Scheat and 
Markab, the other two stars of the square, are shown near the left hand edge. 

(dq) A line from Scheat through Markab, both in the square of 
Pegasus, leads to Fomalhaut, a first magnitude star frequently used. 

(e) A line from Phecda (T Ursa Majoris) extended midway between 
Megrez which is at the junction of the handle and the bowl, and 
Alioth, and next adjacent star toward the end of the handle, passes 
through the bright star Vega. Vega has a decidedly bluish tint and 
is commonly called ‘‘Blue Vega.” Vega may be identified further 
by the neighboring faint stars which form somewhat of a parallelo- 
gram with it. 
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(f) A line from Phecda through Megrez extended passes nearly 
through Deneb which is east of Vega. Deneb is the principal mem- 
ber of a large, fairly symmetrical cross. 

(g) A line from Polaris midway between Vega and Deneb leads to 
Altair. Altair is flanked by two much fainter stars in the same line. 
Altair is further identified by its proximity to the Dolphin which shows 
five faint stars, four of which form a diamond. Altair, Vega, and 
Deneb form a triangle right-angled at Vega. 

(hk) A line from Phecda passing between the Pointers leads to 
Capella, a first magnitude star of yellow tinge. Capella is identified 
further by the small triangle of three faint stars south of it. 

(3) Orion and stars identified from it.—Orion, the most brilliant 
constellation in the heavens, is in the shape of a quadrilateral formed 
by three bright stars and one of lesser magnitude. The bright, 
northeast star is Betelgeux, the northwest star is Bellatrix, and the 
bright southwest star is Rigel. The three second-magnitude stars 
nearly equidistant lying in a line in the center of the quadrilateral 
form Orion’s Belt. It will be noted that the belt traces out the path 
of the equinoctial as the constellation appears to move from east to 
west in the heavens. 

(a) The three stars of Orion’s Belt point southeastward to Sirius, 
the brightest star of the heavens. 

(6) Canopus ranks next to Sirius in brilliancy and bears nearly 
south from it. Canopus is not visible to an observer located north 
of the 37° parallel of latitude, which lies roughly in a line east and 
west through Langley Field. 

(c) Procyon, Pollux, Castor, and Capella, in the order given, form 
a gentle curve to the northward of Sirius. Pollux and Castor are 
separated by only a few degrees and the observer frequently has 
difficulty distinguishing between the two, especially when sighting 
through a sextant not provided with a direct sighting device. It 
will help to remember that Pollux is the most southern of the two. 

(d) Sirius, Procyon, and Betelgeux form a large equilateral triangle. 

(e) Aldebaran lies midway between Bellatrix and the Pleiades, a 
cluster of faint stars of little value in themselves, but useful in identi- 
fying others. Aldeberan is the brightest star of a ‘“V’’ formed with 
four other stars. 

(4) Southern Cross and stars identified from it.—The Southern Cross 
is the most conspicuous constellation of the southern hemisphere, 
and is outlined by four bright stars. The cross is a circumpolar 
group. When the group is above the south celestial pole, 6 Crucis, 
the brightest of the four stars, is the easternmost in the constellation. 
A line through a and 8 Centauri, both of the first magnitude, pointe 
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directly at the Cross. These two stars are known as ie pointers of 
the Southern Cross. 

(a) Canopus lies midway between Rigel and the Gaes. 

(6) Achernar is approximately midway between Canopus and 
Fomalhaut. 

(5) South pole-—The south celestial pole is not marked by a con- 
spicuous star. It may be considered as being located at a point 
midway between 8 Centauri and Achernar. 

94. Planets.—The planets shine only by reflected light from the 
sun. However, because of their relatively large disks they are often 
distinguished by their steady light which does not twinkle like the 
light from a star. The absence of twinkling however must not be 
taken as sure identification of a planet, for condition of the atmos- 
phere, altitude of observer, and altitude of the body have a consid- 
erable effect on the degree of twinkling. The planets are identified 
further by the fact that they all appear to move approximately in 
the same path as the sun, that is, in the ecliptic. Since planets do 
not occupy fixed positions in the heavens relative to each other or to 
fixed stars, it is necessary that the navigator plot their positions on 
his star map from time to time in order to assure positive identifica- 
tion. A planet may be plotted on the world star chart by using as 
coordinates its sidereal hour angle and declination. The declination 
is extracted directly from the Air Almanac but because the Almanac 
does not list the SHA of planets, the SHA of a planet must be calcu- 
lated from the equation SHA of planet=GHA of planet minusGHA T, 
the quantities of the right hand side of the equation being extracted 
from the Air Almanac. The frequency with which a planet must be 
replotted on the star chart depends upon its rate of change in SHA 
(or RA) and declination which may be ascertained readily from 
Almanac data. The narrow diagram on the A. M. side of the daily 
sheet of the Air Almanac is especially useful in identifying the visible 
planets. 

a. Venus.—Venus is brighter than the other planets and also 
brighter than any fixed star. It is golden yellow in color and is often 
called ‘“‘the evening star” or ‘‘the morning star’”’ because it is never 
visible more than 3 hours after sunset or 3 hours before sunrise, except 
in high latitudes. This is due to the fact that Venus is an inferior 
planet (closer to the sun than the earth) and the angle between the 
sun and Venus as viewed from the earth is never more than 47° 
(approximately 3 hours). When near its maximum brilliancy Venus 
may be seen in full daylight provided the navigator previously de- 
termines its approximate location in the heavens. 


190 





TM 1-206 
CELESTIAL AIR NAVIGATION 94-95 


b. Jugiter—dJupiter is less brilliant than Venus but brighter than 
any fixed star. It is therefore quite easy to identify. 

c. Mars.—Mars is decidedly red in color and varies in brightness 
from second magnitude (as bright as Polaris) to minus 3 magnitude, 
which is between Jupiter and Venus in brightness. It is often referred 
to as ‘‘ruddy”’ Mars. 

d. Saturn.—Saturn is of the first magnitude and yellowish. 

e. Mercury.—Mercury is closest of all the planets to the sun. 
Consequently, it can be observed only for a very short time (never 
more than 1% hours approximately) before sunrise or after sunset. 
For many months of the year it is so nearly in line with the sun as 
viewed from the earth that it cannot be seen at all. Mercury varies 
in magnitude; at its brightest it has about the same brilliance as a 
first magnitude star. 

95. Identification of single star.—a. General—(1) When the 
heavens are so nearly overcast that only a single star is visible through 
a rift in the clouds, the observer will encounter difficulty in identifying 
the body. Nevertheless, the navigator should proceed immediately 
to observe the body and record the exact GCT of the observation. 
Immediately thereafter he should estimate the star’s azimuth or 
measure it by pelorus. A knowledge of altitude and azimuth to- 
gether with his DR position provides the navigator with enough 
knowns to identify the star. After it is identified, he then converts 
his observation to a line of position in the orthdox manner. 

(2) With the exception of precomputed curves all the methods of 
solving the astronomical triangle described in this manual may be 
used for identifying a star. By far the easiest method is to use the 
rude star finder as explained in paragraph 96d. The Hagner com- 
puter is almost as fast and more accurate. H. O. 214 is simple but 
not as refined as Hagner or Ageton. Ageton is accurate but so 
tedious that the air navigator can seldom afford to divert the time 
from his other duties to use it. The A-4 computer is ill-suited for 
star identification because azimuth cannot be entered directly on the 
instrument. 

b. By H. O. 214.—(1) With observed altitude and azimuth (to 180° 
from elevated pole) enter the double page star identification table 
immediately following the proper latitude section of H. O. 214 and 
extract tabulated values of declination and approximate LHA of the 
star. Eye interpolation will suffice for accuracy. 

(2) Combine approximate LHA with DR longitude to determine 
approximate GHA of the star. 
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(3) Extract GHA 7 from Air Almanac for the instant of observation 
and subtract it from approximate GHA x to obtain approximate 
SHA >». Add 360° to GHA f if necessary to make the subtraction. 

(4) Enter inside back cover of the Air Almanac with declination 
and approximate SHA of star and the star will be the one the coordi- 
nates of which are nearest to those calculated. 

c. By A-8 computer (Hagner).—(1) Set observed altitude on altitude 
scale. 

(2) Set DR latitude on latitude scale. 

(3) Set azimuth (to 180° from elevated pole) on azimuth scale. 

(4) Collimate telescopes by operating declination and LHA 
verniers. When collimated, the approximate declination and LHA 
of the star are indicated on the proper scales. 

(5) Combine approximate LHA x with DR longitude to determine 
approximate GHA x. 

(6) Extract GHA 7 from Air Almanac for GCT of observation and 
subtract it from approximate GHA x to obtain approximate SHA x. 

(7) Enter inside back cover of the Air Almanac with the approxi- 
mate declination and approximate SHA x and the star will be the 
one the coordinates of which are nearest to those calculated. 

96. Rude star finder (H. O. 2102a).—a. Use—(1) The rude 
star finder is an extremely useful and versatile instrument. The 
most important use of the star finder is in preparation of data for the 
celestial flight. It provides perhaps the most rapid way of identifying 
a random body appearing through a break in the clouds. It provides 
@ quick means of determining latitude from an observed altitude of 
Polaris. It may be used easily to convert LCT to LST with sufficient 
accuracy to assist observer in selecting proper stars to observe when 
employing star altitude curves. 

(2) The rude star finder is ill-suited for use in learning the stars be- 
cause it does not contain the geometric patterns of the various constel- 
lations convenient for references. Inspection of the chart will show 
that no star of brilliancy less than third magnitude is plotted thereon. 
The reason for this is that the rude star finder may be considered a 
precision instrument as compared to the simpler star finders made 
especially for learning the stars. Too much detail printed on the 
chart would lead to confusion, thereby destroying much of its value. 
However, the instrument does represent the circumpolar stars in 
truer relationship than the world star chart shown in figure 58. 

b. Description.—The rude star finder consists of several transparent 
templates for various latitudes to be used in conjunction with a ro- 
tating disk containing a projection of the heavens. The stationary 
background, the base of the instrument, has a circular scale, divisions 
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of which represent days of the year. The rotating star chart contains 
a time scale divided into equal increments of 2 minutes on its periph- 
ery, & concentric row of correction figures for Polaris, the celestial 
equator, and the several stars. The approximate declination and right 
ascension are printed beneath the name of each star. The chart turns 
under a transparent strip extending from center to periphery, upon 
which the coinciding latitude and declination scales appear. The 
center line of this transparent strip represents the observer’s meridian. 
On the templates altitudes are ready by reference to the concentric 
ovals and azimuths by reference to the curved lines radiating from the 
center, the inner circle of the azimuth figures being used when the ob- 
server is in north latitude. If it is desired to obtain more accurate re- 
sults, corrections for altitudes and azimuth are printed in red figures 
on the templates. 

c. Preparing instrument for use.—To prepare instrument for use it 
is first necessary to set the meridian arm and lock it with the screw at 
the bottom of the base. This setting may be accomplished by two 
methods: 

(1) Approximate.—If using the instrument between January 1 and 
February 29, inclusive, in any leap year, clamp the meridian arm at 
the mark numbered 4 on the lower part of the date circle. Between 
March 1 and December 31 of leap year clamp the arm at the mark 
lettered LY. For the first year after leap year set arm at the mark 
numbered 1; second year after leap year at 2; third year after leap 
year at 3. One setting of the meridian arm will suffice for cach of 
aforementioned periods. 

(2) Precise.—Set the star disk so that the 0- or 24-hour graduation 
of the time scale coincides with the date the instrument is to be used. 
Do not move the disk after this step. Find the GST of O°, GCT for 
the same date. This is easily obtained from the table on page 2 of the 
Nautical Almanac. It may also be obtained by converting the GHA 
T of 0° GCT as obtained from the Air Almanac to units of time. 
Having obtained the GST of 0" GCT adjust the meridian arm until 
its center line coincides with the above computed GST on the time 
scale. Clamp the arm. 

Note.—No mark representing February 29 (as occurs in leap year) appears on 
the date scale. When using the instrument on this date the March 1 mark is used 
“o represent February 29. | 7 

d. Operation.—(1) Precaution.—Persons first using the rude star 
finder frequently make the mistake of using zone (standard) time 
instead of LCT. LCT must be used. Since zone time and LCT may 
differ by as much as \ hour, appreciable errors in altitude and bearings 
obtained may result if standard time is used. 
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(2) To find altitude and bearing of star.—(a) Set LCT on the time 
scale opposite date. For greater accuracy, the point on the date scale 
used should be advanced by the fraction of a date corresponding to the 
LCT. The same setting of the rotating star chart is accomplished by 
placing the LST on the time scale under the meridian. The LST 
method of setting time normally is used only in the event a sidereal 
watch or A—5 computer is carried. 

(b) Select the template nearest the latitude, placing its small, 
central cross to the observer’s latitude on the latitude-declination 
strip, its center line coinciding with meridian. 

(c) Read the altitude and bearing of any selected star within the 
template boundaries at the instant for which the disk is set by referring 
to the template markings. 

(3) To rdentify star—(a) Set the time, and place rempiate as in 
(2)(a) and (6) above. 

(b) Seek measured altitude and bearing of body on Gnlats refer- 
ence markings. 

(c) Near point located the star will be seen on rotating star chart, 
its name being adjacent thereto. 

(4) To plot position of planet—(a) The simplest way of plotting 
any celestial body on the rude star finder is by using as coordinates 
its RA and declination. The Nautical Almanac permits direct ex- 
traction of both quantities for all bodies except the apparentsun. The 
Air Almanac does not contain the RA of planets, sun, or moon, and 
before any of these bodies may be plotted, it is first necessary to find 
its RA by the formula RA (in degrees) of body=GHA Y minus 
GHA of body. Add 360° to GHA T if necessary to make the sub- 
traction. The RA in degrees is then converted to units of time. 

(b) Having found RA and declination of planet in above manner, set 
RA of body on time scale of instrument under observer’s meridian. 

(c) Plot planet under meridian at proper declination and place its 
symbol adjacent thereto. 

(dq) Planets should be plotted at the following intervals, or oftener 
if greater accuracy is desired. 

1. Mercury, Venus, and Mars, every 2 weeks. 
2. Saturn, every 2 months. 
8. Jupiter, every 3 months. 

(5) To identify planet—The procedure is the same as for identifying 
a star. The positions of the several planets must have been previ- 
ously plotted on the finder. 
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(6) To plot position of sun.—The principal reason for plotting the 
sun is for planning purposes. Although the sun changes in declina- 
tion and RA relatively rapidly, it usually will suffice to plot it once 
each day. There is no reason however why it cannot be plotted for 
any instant of the day. When the navigator wishes to plot the aver- 
age position of the sun during the day, it is best to plot it for the in- 
stant of local apparent noon. However, since it is rather tedious to 
find the GCT corresponding to local apparent noon, it is customary to 
plot the sun for the instant of local civil noon. The procedure is as 
follows: 

(a) Find GCT of 12 hours LCT. 

(b) Using GCT find RA and declination of sun in same manner as 
for a planet ((4) (a) above). 

(c) Set RA of sun under meridian arm. 

(d) Plot sun under observer’s meridian at proper declination. 

(7) To plot position of moon.—Since the moon moves rapidly in 
RA and declination it is good practice to plot it for the instant its 
use is contemplated. To do this the procedure is the same as for 
plotting a planet. Many navigators prefer to plot two positions of 
the moon corresponding to 0" and 24 LCT of the day the moon’s 
position is needed. Then for any other instant of LCT during that 
day location of the moon may be interpolated by eye. 

(8) With Star Altitude Curves.—It has been explained that a naviga- 
tor using the Star Altitude Curves is confined to a choice of three stars 
at any instant of time. To ascertain which stars he is limited to ob- 
serve upon he must have a knowledge of his approximate LST. On 
the rude finder LST will appear under observer’s meridian when LCT 
is set opposite the date. By performing this operation the naviga- 
tor can avoid risk of observing a star which does not appear in the 
curves at time of observation. 

(9). Enployment before and during flight.—-(a) Besides serving as an 
accurate star identifier, the rude star finder will show—- 

1. Bodies favorably disposed in altitude and azimuth to give 
desired ‘“‘on course” or ‘‘distance traveled”’ indications. 
2. Bodies most favorably disposed for obtaining fixes. 
- 8. Body best suited for making a celestial landfall. 

(b) The application of the rude star finder in a typical flight is 

demonstrated in section XIV. 
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Secrion XIII 
COMPASS SWINGING BY CELESTIAL AZIMUTHS 


Paragraph 
Need for air swinging ---------------------------------------..----,- 97 
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97. Need for air swinging.—ac. With the advent of aircraft of 
such size as to be unwieldly on the ground the problem of calibrating: 
the compass by ground methods has become extremely difficult. 
An increased amount of electrical and radio equipment and the incor- 
poration of retractable landing gears, armor plate, and similar equip- 
ment are reasons for a more vigilant attitude with respect to compass 
errors, since the increased range of present day aircraft demands a more 
precise method of navigation. It is definitely known that the compass 
errors on the larger present day aircraft as determined by ground 
swinging methods and air swinging methods are far from identical, 
although every reasonable precaution is taken on the ground to dupli- 
cate air conditions. Air swinging by celestial azimuths is one method 
of air swinging by which compass errors may be determined accurately 
under actual flight conditions. 

6b. Compass deviations do not remain constant for long periods of 
time. Even if they did it is-impractical to swing the long range mili- 
tary airplane for every condition of loading, electrical circuits ‘‘on”’ 
and “‘off’’, etc., likely to be encountered in flight. Therefore a means 
of checking the deviation on any desired heading while performing 
flight missions other than those specifically scheduled for “compass 
swinging” is highly desirable. Celestial azimuths provide a quick 
and convenient way of checking the deviation. 

98. Equipment.—In order to swing the compass by celestial 
azimuths, the airplane should be equipped with a correctly installed 
pelorus and with a turn indicator. The purpose of the pelorus is to 
enable the observer to measure the bearing of the celestial body being 
used as a bearing point, and the purpose of the turn indicator is to 
assist the pilot in holding a steady heading while the bearing 1s being 
taken. The drift sight or a shadow casting vertical standard may be 
used at times in lieu of the pelorus. Brackets for mounting the pelorus 
should be provided at convenient locations so that the observer may 
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sight on the celestial body regardless of heading of the airplane. During 
the swinging operation it is customary to lock the azimuth scale of the 
pelorus with 0 coinciding with the lubber line mark parallel to the 
airplane’s longitudinal axis; then the figure read at the index will be 
the clockwise relative bearing of the body from the head of the air- 
craft. Used in this manner, the indications are apt to cause less con- 
fusion than otherwise. 

99. When to air swing.—First of all the navigator should decide 
upon the time and place to calibrate. A day should be selected when 
the air is calm. A time of day should be selected when the body to 
be observed is low in the sky. The rate of change of the bearing of 
a celestial body is slowest when the body bears east or west of the 
observer. The azimuth observation of a body will be in error if the 
pelorus is not level, and if the body 1s high in the sky, the error in the 
resultant azimuth will be greater than when it is near the horizon. 
As a general rule, accurate results are easier to obtain when the body 
has an altitude of less than 30°. Therefore if the sun is to be used, 
the checking should be undertaken in the early morning or late after- 
noon. 

100. Preparation.—a. Data.—Data are now prepared for an 
azimuth curve of the selected body for the date and the immediate 
locality in which the airplane is to be swung, the azimuth being com- 
puted for every 20 minutes of time required for the period of swinging. 
Uncorrected azimuths obtained from H. O. 214 are sufficiently 
accurate. The azimuths from solution are converted to clockwise 
azimuths (Z ,), and then the magnetic variation of the swinging locality 
applied. The resulting magnetic bearings are then plotted against 
the time on precomputed curve graph paper. A smooth curve is 
then drawn through the plotted points, producing a diagram which 
will give, by inspection, the magnetic bearing of the celestial body at 
any instant. 

b. Before take-off —Prior to take off the compass installation should 
be checked and lubber line error removed as described in TM 1-205. 
All gear should be stowed in flying position. 

101. Air procedure.—For work in the air it is customary to have 
two observers, one stationed at the aperiodic compass and the other 
at the pelorus. After the aperiodic compass has been swung, the 
deviations of the other compasses may be determined by comparison 
with the aperiodic compass, or if additional trained personnel are avail- 
able, an observer may be stationed at each compass for the purpose of 
recording compass readings. 

a. Compensation.—(1) After the airplane has climbed to the desired 
altitude and leveled off the compass is compensated in the following 
manner: 
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(a) Select from the curve the magnetic bearing of the body at a 
future instant. 

(6) With the azimuth scale of the pelorus fixed so that index will 
indicate clockwise relative bearing from head of airplane, 8 set index 
on magnetic bearing just selected. 

(c) Place airplane on an approximate heading of magnetic north 
(per compass). 

(d) At moment when correct time is that for which magnetic bear- 
ing has been selected, turn airplane so that vertical cross hair of the 
pelorus is passing through the body and steady the airplane on this 
heading. This heading is exactly magnetic north and should be main- 
tained by means of the turn indicator. The foregoing turn may be 
controlled by one of the observers if the airplane is equipped with 
remote control; otherwise, the pilot must be instructed over the 
interphone as to direction and amount of turn. 

(e) Place corrector magnets in athwartship chamber so that com- 
pass reads zero (N) on this heading. 

(f) Make a 90° gyro turn to the right and place correctors in the 
foreaft chamber so that compass reads 90° or E. 

(g) Make another 90° gyro turn to the right so that airplane is now 
headed magnetic south and halve the compass error by eliminating 
or reversing the magnets in the athwartship chamber. 

(h) Make another 90° gyro turn to the right so that airplane is now 
headed magnetic west and halve the compass error by eliminating or 
reversing the magnets in the fore-aft chamber. This completes 
compensation of the compass. 

(2) In lieu of placing airplane on headings of magnetic E, S, and 
W, by making turns with reference to the turn indicator the airplane 
could have been placed on the cardinal headings in much the same 
manner as it was placed on magnetic north. For example, if it is 
desired to place airplane on magnetic east, the magnetic bearing of the 
body is selected for some future instant. The airplane will be on a 
magnetic heading of east if, at the future instant of time, the vertical 
cross hair of the pelorus passes through the body and the azimuth 
index of the pelorus is positioned at the magnetic bearing as extracted 
from the curve minus 90°. Therefore the procedure is to set the 
pelorus index so that it indicates the future magnetic bearing minus 
90°, then turn airplane so that when the instant occurs the vertical 
hair is through the body. The airplane is steadied on this heading 
which is magnetic east. The airplane may be placed exactly on the 
other cardinal magnetic headings in a similar manner. 

b. Suinging.—(1) The airplane is now flown by reference to the 
turn indicator on headings differing in azimuth by approximately 15°. 
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The airplane is steadied on each heading and the following data are 
recorded: 

(a) Relative bearing per pelorus and instant of observation. 

(6) Compass reading at instant of observation. 

(2) During swinging operations the airplane need not be flown 
exactly over the point for which the azimuth curve has been drawn. 
If airplane remains within a radius of 30 miles of the spot selected 
no significant errors will be introduced. 

c. Computing deviations.—From above data and the azimuth curve 
compute the actual magnetic heading of the aircraft for each run from 
the equation Magnetic heading of airplane equals magnetic azimuth of 
body per curve minus (—) relative bearing of body per pelorus. Add 
360° to the magnetic azimuth if necessary in order to make the 
subtraction. Now compare compass reading on the run with actual 
magnetic heading. Plot deviations on graph paper and draw curve 
of deviations. A compass card may then be prepared from the graph 
of the deviations. 

102. Checking deviation while ‘‘on course.’’—It is apparent 
from the foregoing that on subsequent missions the compass deviation 
may be checked while flying ‘‘on course.”” At any convenient instant 
the navigator measures the relative bearing of a convenient celestial 
body and notes the time and compass reading. He now computes the 
azimuth of the body for that instant using his definitely known position 
at that instant, or in lieu thereof, his DR position. For accuracy, the 
DR position should not be over 30 miles in error. He computes the 
actual magnetic heading of the aircraft in the manner previously 
described. If this magnetic heading differs from that which he 
desires to fly, he alters heading the necessary number of degrees until 
the desired magnetic heading is assumed. From now on the airplane 
may bé maintained on this heading by reference to the compass. 

108. Swinging with drift sight.—A pelorus not being available, 
type B-3 driftmeter or similar type may be used instead, provided the 
body used is the sun and its shadow can be observed through the 
drift sight. In subsequent computations it must be borne in mind 
that the relative bearing of the shadow differs from that of the body 
by 180°. This condition may be taken into account by drawing the 
curve of reciprocal magnetic azimuths. From then on procedure is 
the same as when using the pelorus. The procedure to measure 
bearings with the drift sight is described in TM 1-205. 

104. Swinging with a gnomon (vertical standard).—If a 
pelorus is not available, ashadow-casting apparatus may be used. The 
radio mast is sometimes convenient for this purpose. The fuselage or 
wings may be graduated so that the relative bearing of the body when 
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the airplane is in flying attitude may be measured. Since it is a 
relatively difficult task to mark on the wings or fuselage each degree 
through 360, the amount of work involved may be reduced by deter- 
mining a single point such that when the shadow of the gnomon passes 
through it, the airplane is headed directly at the body (relative 
bearing 0). This establishes magnetic heading of the airplane which 
may be picked from the azimuth curve. Compensation is then 





FIGUBE 59.—Sun compass. 


accomplished and deviations determined by making turns with refer- 
ence to the turn indicator. Any precession may be taken into account 
by occasionally realining the turn indicator by heading the airplane so 
that the shadow of the gnomon passes through the reference point, 
noting actual magnetic heading from the curve and setting the turn 
indicator to correspond. | 

105. Sun compass (fig. 59).—Sun compasses apply the principles 
of astronomy to course keeping. 
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a. Description.—Figure 59 is a sketch of a common type of sun 
compass. It consists of a civil time clock with a 24-hour dial. The 
hour hand is replaced by a diametrical bar carrying a pin and a 
translucent screen at opposite ends. The pin and screen are set 
parallel to the earth’s axis by tilting and clamping the clock, which is 
mounted on horizontal trunnions. The brackets carrying the trun- 
nions are mounted on a horizontal azimuth dial that may be set to 
the course desired. 

b. Operation.—In operation the pin and screen are set to local ap- 
parent time, the latitude is set to the latitude, and the azimuth dial set 
to the required true course. The airplane is then steered so that the 
shadow of the pin falls on the center of the screen. 

c. Use.—The sun compass gives correct indications only when the 
sun shines, the local apparent time is known, and the latitude is known. 
In order to know local apparent time, the navigator must have a 
knowledge of his longitude. Since local apparent time changes with 
longitude, the clock requires frequent resetting unless the airplane 
flies generally on north or south courses. It is apparent therefore 
that use of the sun compass is restricted. It is used principally on 
polar flights where the horizontal component of the earth’s magnetism 
is so ineffective as to render the magnetic compass of doubtful value. 


Section XIV 
PREFLIGHT PREPARATION AND FLIGHT PROCEDURE 


Paragraph 
General. 262322 aoc Be eee Bee eee ee eee ea als 106 
PQUIPMC@0 G4 5255202. ane nc nesesesssteekaeden bce ces eeu ewene eects 107 
Selection of time of take-off_._..___._.._.--.---------------- ihe ete tet 108 
Compiling fight Gata is.3 2.200 oo cn eet eee ee eeu en 109 
AICS Curing flight 22.2 152.422.4205 Doi ease ee ne een eerie et alt 110 


106. General.—a. Navigation of military aircraft is complicated 
by the fact that frequently primary consideration must be given to fac- 
tors other than navigation influencing the tactical employment of the 
aircraft. The navigator may bave little voice in the selection of time 
of take-off, route, and schedule of the flight. Information essential 
to thorough planning of the navigational features of the flight may not 
be available until shortly prior to take-off. While carrying out the 
mission, deviations from preplanned routes and schedules may be 
necessitated by factors which would be nonexistent if the flight was 
made in time of peace. 

6. Ordinarily for most long flights involving use of celestial naviga- 
tion; warning orders will be issued sufficiently in advance to afford an 
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opportunity to plan the navigation in detail. If the navigator is to 
contribute efficiently to success of the mission, he must make use of 
the time before take-off to plan the flight and to precompute as much 
of the data as possible. By so doing, he not only obtains beforehand 
a clear picture of the routine he should follow in flight but also avoids 
much of the fatigue which results when computations are performed in 
a navigator’s compartment where adequate space and light are fre- 
quently lacking and constant noise and vibration often exist. 

c. The computation of courses and distances and general preparation 
for pilotage, dead reckoning, and radio navigation elements of the flight 
are adequately described in TM 1-205. The following paragraphs 
stress preparation for and execution of the celestial navigation phases 
of the flight. Reference is made to the other methods of navigation 
only when they directly involve celestial computations. It must not 
be concluded from the following discussion that celestial navigation is 
more important than the other methods. Dead reckoning remains the 
basic method. Celestial navigation simply serves as a check upon the 
dead reckoning by verifying the DR position as being correct or by 
providing a new starting point from which to resume the dead 
reckoning. 

107. Equipment.—a. The following equipment is required in 
preparing for and carrying out the celestial navigation of a flight. 
In order to reduce the list to reasonable length most of the teols 
included in the dead reckoning kit have been omitted, although they 
are needed for plotting celestial data and should be carried in addition 
to the equipment listed below. A few of the articles included in the 
dead reckoning kit have been repeated for emphasis. The duplica- 
tions are obvious upon comparison with the list of tools contained in 
paragraph 143, TM 1-205. 


Master watch or chronometer. 

Hack watch. 

Octant with extra bulbs and fresh batteries. 
American Air Almanac. 

Nautical Almanac.! 


1 The fact that the RA’s of the planets and moon may be extracted directly 
from the Nautical Almanac makes it a desirable publication to have available 
when observations of these bodies are being reduced by the A-4 computer and 
also when it is desired to plot their positions on the rude star finder. Until the 
RA’s of these bodies can be obtained with greater ease from the Air Almanac . 
than at present much tedious work may be saved by referring to the Nautical 
Almanac. 
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Line of position methods :? 
H. O. 211 (Ageton). 
H. O. 214. 
Star Altitude Curves. 
A-3 computer (Hagner). 
A-—4 computer (Fairchild-Maxson). 
Rude star finder. 
A-5 time conversion computer.’ 
Line of position forms: 
Ageton. 
H. O. 214. 
Precomputed altitude curve plotting paper. 
TM1-205. 
TM 1-206. 
Pelorus (airplane equipment). 
Sun compass ‘ (airplane equipment). 
Flashlight. 
Drafting splines with weights. 
Screw drivers in suitable sizes for adjusting all navigation 
instruments. 


6. Responsibility for the adjustment, calibration, and operation of 
- navigational instruments rests on the navigator. He must not wait 
until just before take-off to collect his kit. His octant should be 
calibrated for instrumental and personal errors immediately after it 
is issued to him and checked occasionally thereafter. Rating of 
watches should be a continuous process from date of issue. 

108. Selection of time of take-off.—Before a navigator can 
plan his flight he must know approximate time of take-off. If he has 
any voice in the selection he should give careful consideration to the 
following points regarding the celestial features only: 

a. Ordinarily dead reckoning errors do not begin to get excessive 
until after the first few hours of flight. Therefore it is not of primary 
importance to have celestial bodies available for observation during 
this period. 

2 The limitations of the several tables, computers, and the star altitude curves 
are explained in sections VI and X. The navigator must assure himself that he 
has available in flight a method which is applicable to reducing an observation 
on any navigational body likely to be above the horizon. Due to the fact that 
mechanical computers are subject to derangement, the navigator must always 
carry a tabular or other computational method of reducing the astronomical triangle 
regardless of whether a mechanical computer is carried. 

7 The A—5 time converter is optional but a great time saver, especially for use 
with star altitude curves graduated in LST. 

‘ The sun compass is an aid in high latitudes. 
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b. If radio “homing’’ facilities and widespread landmarks are not 
available in the vicinity of the destination, celestial indications are 
most vital when making the landfall. Take-off should be regulated 
so that celestial bodies suitably positioned will be surely available 
when approaching the objective. 

c. If the day and hour of take-off can be selected so that the moon or 
Venus will be available during daylight hours and adequately separated 
in azimuth with respect to the sun, celestial fixes instead of single 
position lines requiring studied interpretation may be procured. 

(1) Venus is never more than 47° from the sun and in addition is 
difficult to find during bright sunlight hours. Even when the planet 
can be seen, a Venus line of position will cross a sun line at never 
more than a 47° angle. 

(2) In order for both sun and moon to be visible and separated by 
a suitable horizontal angle, the flight must be made near the first 
or third quarter of the moon. At third quarter the moon is to the 
west of the sun, and after moonset the navigator will have only a 
sun line available until darkness. Near first quarter, however, both 
bodies will be visible until sunset. Thereafter stars and planets will 
be available. Another advantage accrues from planning the flight — 
so that the moon is above the horizon during daylight instead of at 
night; and, that is, the brilliance of a full moon often prevents observa- 
tion of stars in the vicinity of the moon and may even hinder observa- 
tion of second magnitude stars, as Polaris, at a considerable distance 
from the moon. Balancing this objection to moonlight is the fact 
that if the objective is approached at night, the light of a full moon 
extends the radius of visibility considerably. 

(3) The relative positions of moon and planets with respect to the sun 
on any particular day may be determined approximately by referring 
to the diagram along the right hand edge of the daily sheets of the Air 
Almanac. A more accurate conception of relative positions of these 
bodies may be gained by plotting them on the rude star oe in the 
manner hereinbefore described. 

109. Compiling flight data.—a. For the purpose of compiling 
the celestial data before flight the course is plotted on a planning chart. 
From best available data the ground speed is estimated and hourly 
positions are marked along the course. GCT of proposed departure 
is written on the chart at departure point and successive hourly posi- 
tions are labeled with their corresponding GCT’s. 

b. Longitudes in time of hourly positions are then applied to GCT’s 
and resulting LOT’s are also written on the chart at their proper posi- 
tions. The reason for placing the LCT’s on the chart is that the air- 
plane’s position at any LCT can be interpolated graphically on the 
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chart, the latitude being useful in resetting the rude star finder for a 
more nearly correct figure of the LCT of a certain celestial conditions, 
and the longitude for determining corresponding GCT of the condi- 
tion’s existence. 

c. The planning chart of a theoretical flight from San Francisco to 
Honolulu is shown in figure 60. 1300 December 31, 1941, Pacific 
standard time has been selected arbitrarily as time of take-off so that 
a portion of the flight will be made during hours of darkness. The 
Mercator course is 241°49’ and the distance 2,098 nautical miles. 
Estimated ground speed 180 knots. 

d. Using the Air Almanac, the rude star finder, and the chart data 
described above, an analysis of the celestial conditions that will obtain 
during flight is made. The tabulated analysis is as follows: 


ee — 








Approxi- Approxi- | Greenwich 
mate LCT | Mate GCT | date 


Departure, San Francisco, PST, 1300__._....__-_- 1250 | 2100 | Dec. 31 








Moon at 180° for latitude_._____...-___ -._--L-- 1439 2319 Do. 
Sun at 230° for G. S. and distance traveled_-_-._-._-.- 1536 0030 | Jan. 1 
Sunset _._..-.__-------- poe is 2 6 tetas acta Boos eee ee 1711 0231 Do. 
End evening twilight.__>..._.. __...--._-_----- 1738 0306 Do. 
Capella at 50°. Deneb at 310° for fix....-.._.___- 1740 0308 Do. 
Moon at 240° for G. S. and distance traveled_.-_.-_-- 1806 0345 Do. 
Fomalhaut at 225° for G. S. and distance traveled __ _ 1926 0530 |. Do. 
MO0nSCG) gett tee cei cas ener -| 2108 0728 Do. 
Rigel at 150° for ‘‘on course indication”_._...___.- 2122 0745 Do. 
Deneb Kaitos at 240° for G. 8. and distance traveled _ 2140 0805 Do. 
Arrival Honolulu__._-.-_--___------- eee 2208 0840 Do. 

ver | Ae Approximate 01 — 

0000 | 1718 = ba, eee nana taa sees nina 

0100 1818 | 0400 Capella 

0200 1916 et BA Na ee eae ae ee Rigel ; 

0300 | 2016 | 0620 ; Capella 

0400 PV1O 1 Ol S0e22s s+ ceses cet cur eeu sowean Ss oec Sirius. 


e. The above data far from exhausts the supply of celestial infor- 
mation of interest to the navigator. Unless the fast mechanical 
computers for reduction are available it is wise to precompute course 
curves for route and stationary curves for destination. Course curves 
for the sun, and the moon or Venus, if visible, can be drawn for use 
during hours of daylight. For use at night it is often desirable to 
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construct course curves using one of the planets or certain stars other 
than those contained in the Star Altitude Curves. <A double station- 
ary curve for destination is most desirable. In selecting the bodies 
for landfall curves care must be taken to select two bodies which 
will be adequately separated in azimuth at estimated time of arrival 
at destination. The curves should be drawn with plenty of time 
overlap to avoid “running out of curve.’”’ The amount of precompu- 
tation which may be done before flight is limited only by time available 
for preparation. 

110. Aids during flight.—a. A ee fix should be obtained at 
least once each hour. If two suitably located bodies are not simul- 
taneously available, the fix should be obtained by crossing the celestial 
LOP with a radio bearing or with an advanced Sumner line. Radio 
bearings over long distances should be regarded with suspicion. 

b. Before making a night observation it should be decided whether 
the stars contained in the Star Altitude Curves will yield the desired 
information. If so, they should be used. This method is highly 
recommended for converting observations not only because of its 
speed but also because it is less fatiguing mentally than the other 
methods. 

c. The sextant observation is the greatest source of error. Every 
effort should be made to keep the error of an observation within 
reason. 

(1) Teamwork between pilot and navigator is essential. When the 
navigator is about to take an observation he should so inform the 
pilot whose duty it is to fly the airplane in straight and level flight 
during the sighting operation. An airplane flying on automatic pilot 
frequently has a corkscrewing motion which causes excessing .bubble 
accelerations. When this corkscrewing exists, the airplane should be 
flown manually for period necessary to take observations. 

(2) The axiom ‘‘there is safety in numbers” should always be kept 
in mind when taking sights. Generally, the average of a great number 
of rapidly taken individual sights is more reliable than the average 
of a few sights taken at relatively great time intervals. In rough air 
a greater number of sights should be taken than when conditions are 
smooth. 

d. If a change in course is indicated as the result of an observation, 
another observation should be made to verify the indication im- 
mediately before or after making the indicated change. A like check 
should be made for pronounced changes in ground speed indications. 

e. If the airplane is seen to be approaching an overcast area, every 
effort should be made to obtain an accurate fix before entering the 
area and immediately upon emerging therefrom. 
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f. Compass deviation should be checked by celestial azimuths at 
slack periods. 

g. On long flights the master watch should be checked against the 
radio time tick at convenient intervals. 

h. It must be remembered that the approach to objective is the most 
critical phase of the entire flight. It is most important at this time 
that the navigator know where the airplane is, not where it was. 
Consequently, this phase demands the greatest concentration of effort. 


SECTION XV 
GREAT CIRCLE COMPUTATIONS BY CELESTIAL METHODS 


Paragraph 
Generales 2c cdot ocucteeM eee Bes eis ot eee ak sl ee Se ieee ala 11] 
Initial great circle course and distance by Ageton_____.___.-._..._-----_- 112 
Computation for latitude and longitude of points on great circle route..____ 113 
Hxampled.2-csce oe toe eee omic Gu Cette Ee 114 


111. General.—a. Problems in great circle flying may be solved 
with facility by using one of the various methods of solving the 
astronomical triangle. The astronomical triangle is simply brought 
“down to earth” and the solution is made with coordinates of point of 
departure replacing those of assumed position and with coordinates of 
destination replacing those of the body. A moment’s reflection will 
show that the difference in longitude between point of departure and 
destination will replace LHA of the body. The solution is made for 
H, and azimuth in the orthodox manner. Since the great circle dis- 
tance corresponds to the zenith distance in the astronomical triangle, 
the great circle distance will equal 90°—H,. This value expressed in 
minutes of arc is the distance in nautical miles. The corhputed azi- 
muth is the initial great circle course measured from the elevated 
pole of point of departure to east or west according as difference in 
longitude in going from departure point to destination is east or west. 

' 6. H. O. 211 (Ageton) and the A-3 computer (Hagner) are the 
methods recommended for making great circle computations. H. O. 
214 is objectionable because it involves a three-way interpolation. 
The A-4 computer is inconvenient for two reasons, first, the dif- 
ference in longitude (LHA) cannot be set directly into the instrument, 
and second, the instrument will not yield great circle course (azimuth) 
directly. Both of these latter methods may be used, however; the 
procedure is simply more complicated than when using Ageton or 
Hagner. Although the Hagner computer will give the most rapid 
solution, the scale limitations of the instrument limit the maximum 
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computable great circle distance to 4,800 miles, and when the dif- 
ference in longitude exceeds 110°, the computer cannot be used at all. 
The Ageton solution has no limitations provided certain additional 
rules are observed when the distance exceeds 5,400 nautical miles. 

112. Initial great circle course and distance by Ageton.—a. A 
form adapting the Ageton method for computing initial great circle 














DESTINATION = Faris La = ¥F%s0'n 

dD Longa y= 76°17 
"app [SueTRact| ADD [SUBTR 

Dlongaa = 76°/7'EIK ves7 |_| 

Le = 48°50'N pier hcaaaa| 

RA 9978 |B 416 1B 6 [A 1974/8 
! 


DEPARTURE = New Yorx Ly = 40°98'm™ |Long = 73°57'w 
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FiGvuRE 61.—¥Form and solution for initial great circle course and distance by Ageton. 


course and distance is shown in figure 61. The following abbreviations 
apply to the form: ° 


A= Point of departure. 
B= Destination. 
L,= Latitude of A. 
Long,= Longitude of A. 
Dsg= Latitude of B. 
Longg= Longitude of B. | 
D Longas= Difference in longitude between A and B. 
Dist,3—=Great circle distance from A to B. 
R and K=Auxiliary angles as used by Ageton in resolving 
spherical triangle into two right triangles. 
C,2= Initial great circle course measured from elevated 
pole to east or west to 180°. 


6. Inspection of the form shows that great circle distance in degrees 
and minutes is extracted directly from the tables, thus making it un- 
necessary to subtract H, from 90° for zenith distance. This short-cut 
is accomplished by looking up the angle whose B value corresponds to 
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that contained in column three instead of the A value as is done when 
finding HA,. | 

c. Because Dist,s may be in excess of 5,400 nautical miles (90°) the 
following rules must be observed when making great circle computa- 
tions: 

(1) When L, and Z; are same name: 

(a) When D Long,z > 90°, take K from bottom of table. 

(6) Take Cy, from top of table when K > L. Take Cy, from 
bottom when K < L. 

(c) Take Dist,s from top of table except when D Longs, and 
K ~ Ly, are both > 90°. 

(2) When L, and Lz are different name: 

(a) Always take Kk from top. 

(b) Take C,, from bottom except when D Long,, ) 90° and 
K is less numerically than Ly. 

(c) Take Dist,, from bottom except when D Long,,; and K~L, 
are both ( 90°. 

118. Computation for latitude and longitude of points on 
great circle route.—a. (1) Although the coordinates of points on the 
great circle route may be found without first locating the vertex of 


Cap = 53°y9'c|A 7305 |B 22871 |. 
Ly —=s2?misme[B 2/396|A Jos¥e| 
A 1274 
= 


Long, = 25°43's 


Of, 
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FIGURE 62.—Form and solution for vertex by Ageton. 


the great circle, when the coordinates of several points are desired 
the simplest procedure is first to find the coordinates of the vertex. 
The vertex may lie between A and B or outside the two. The form 
for finding the coordinates of the vertex is shown in figure 62. The 
following abbreviations in addition to those contained in paragraph 
112¢ apply: 
V= Vertex. 
Ly= Latitude of vertex. 
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Longy= Longitude of vertex. 
Dist,y= Distance from point of departure A to vertex V. 
D Long,y= Difference in longitude between A and V. 


(2) When using the form for finding the vertex, if C ) 90°, Ly is 
opposite in name to L,, and D Longay and Mst,y are both taken from 
the bottom of the table. 

b. (1) Having located the vertex, the coordinates of any point X 
which is X° of great circle are from the point of departure A may be 












Disty = 3¥°22' 
ISTax = 6°00 
Distyx = 28°22' ADD SUBTRACT] ADD 

vo = 52° 20'5N/A /0/46, A 10/46 


Distyx = 28°22! A 32320] 
Lx =¥¥%orsue|A /570/|B 14423, | 
Lonagy = 25°435w 
Longx =67°/2' w. 
Cy, =W58*23'E. 
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Fiaure 63.—Form and solution for a point on great circle route. 


found by using the form shown in figure 63. In addition to the abbre- 
viations already used, the following abbreviations apply when using 
the form: 


X=a point on the great circle AB. 
Distsx= Distance from A to X. 
Ly= Latitude of point X. 
Longx= Longitude of point X. 
D Longyx= Difference in longitude between V and X. 
Distyx= Distance from vertex to point X. 
Cz=Great circle course at X from elevated pole to east 
or west to 180°. 
(2) Practical rule.—If Distyx>90°, Lx is opposite in name from 
Ly, and D Longyx and Cy are both taken from bottom. 
114. Example.—The following example is illustrated in figures 
61, 62, and 63. 
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a. Problem.—(1) Given.—(a) New York City, Lat. 40°48’ N., Long. 
73°57’ W. 
(6) Paris, Lat. 48°50’ N., Long. 02°20’ E. 


(2) Required.—(a) Initial great circle course and distance from 
New York City to Paris. 


(6) Latitude and longitude of vertex. 


(c) Latitude and longitude of a point on great circle 6° of arc from 
New York. 


b. Solution.—From figures 61, 62, and 63. 
(1) Initial course N. 53°49’ E. 
Distance 3144 nautical miles. 


52°20.5’ N. 
(2) Vertex:|sroag er W. 


(3) Coordinates of point 6° of arc from New York City: |44°09.5’ N. 
| 67°12’ W. 


~ 
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AprENDIXx [| 
TIME AND HOUR ANGLE FORMULAS 
SHA body =360°—RA body (in arc). 
(GHA body =GHA?T +SHA body. 


| “f GHA? —GHA body. 
RA body (in are)=) ,. 369°4 GHAT—GHA body 
GHA body-+Long E 
GHA body—Long W 
360°+GHA body—Long W 


= westerly LHA body. 





GCT+ Long E Gn time)| _ 

—Long W (in ime) = LOT. 
GCT+Zone E=Zone time of standard meridian E of Greenwich. 
GCT—Zone W=Zone time of standard meridian W of Greenwich. 


GAT+Long E (in ime) : 
—Long W (in time) nee 

GST+Long E (in time)| _ 
—Long W (in time); 7° 


GAT+12h+Long E (in time) | 
lone W Gartne)| =westerly LHA®. 


GST+Long E (in time)| 


—Long W (in time){ Shae 


GAT=GHA® + 12°. 
LAT = Westerly LHA®@ + 12°. 


GST=GHAT. 
LST=LHATr. 
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EXTRACTS FROM AMERICAN AIR ALMANAC, 1941 
9 VENUS |2 JUPITER| > SATURN : 
act] &, BUN | awa | ..734 —2.2 0.4 a pel ee 
: GHA Dec.| GHA Dec. | GHA Deo. ce sien 
Aoem ° oU4 9° ° 9° 9° ° ° Oo ¢ ° oo 4 
0 00|/ 17910823 68| 100 15| 207 34 S21 25| 66 29 N12 19| 63 51 N11 50| 139 54 S11 3 
10|| 181 40 102 46| 210 04 68 59 66 21 14219 3 
20|| 184 10 105 16| 212 34 71 30 68 51 144440 (8H SS OE 
30|| 186 40. . | 107 46] 215 03 . 400. .| 712. .(1470. <6 
40|| 189 09 110 17! 217 33 76 30 73 52 4934 8H 
50|| 191 39 112 47| 220 03 79 O1 76 23 15150 «3 8 
1 00|| 194 09 S23. 03| 115 18| 222 33 S21 25| 81 31 N1219| 78 53 N11 60| 1% “S129 0. = 
10|| 196 39 117 48| 225 03 84 02 81 23 156 490 yg OO i 
90|| 199 09 120 18| 227 33 86 32 83 54 150 14 13 § S 
30 21 39. 122 49 230 03 e 89 03 e ° 86 24 . e 161 40 ° a 17 54 
40|| 204 09 125 19| 232 32 91 33 88 55 164 05 ° 24h 20 73 
50|| 206 39 127 50| 235 02 4038 4 8=—s | 91 25 166 30-223 3 
2 00|| 209 09 823 03) 130 20| 237 32 S21 26/ 96 34 N12 19] 03 56 N11 60| 168 55 S11 21) 52 50 
10|| 211 39 132 51| 240 02 99 04 96 26 17120 2B 49 
20|! 214 09 135 21| 242 32 101 35 96 56 173 45 Ish 39 48 
30|| 216 30. . | 137 51; 24502 . . | 10805 . . | 101 27 17610 . 17) 3247 
40|| 219 09 140 22| 247 32 106 35 108 57 178 361 8 46 
50|| 221.39 - ‘| 142 52! 250 01 109 06 106 28 18101 «1 38 45 
3 00|| 224 09 S23 02] 145 23) 252 31 S21 26| 111 36 N12 19| 108 58 N1150| 183 26 Si 1sf 39 44 
10|| 226 39 147 63] 255 01 114 07 111 28 185 51 oo 
20|| 229 09 150 23| 257 31 116 37 113 59 188 16 = 10h 42 f 
30|| 231 30. . | 152 54] 260 01 11907 . . 111620. . | 10041 . om 43 4) 
40|| 234 09 185 24| 262 31 121 38 119 00 103 06° 08} 45 2 
50|| 236 39 187 85| 265 O1 124 08° 121 30 195 32 06] ag 39 
4 00|/ 239 08 823 02| 160 25| 267 30 S21 27| 126 39 N12 19) 124 01 N11 50| 197 57 S11 05] 4 37 
10|| 241 38 162 55| 270 129 09 126 31 20022 asf £9 36 
20|| 244 08 165 26| 272 30 131 39 129 O1 202 47 om £9 35 
30|| 246 38. . | 167 56| 275 00 13410 . . | 13132 . . | 205.12 1201] §2 34 
40|| 249 08 170 27| 277 30 136 40 134.02 | "- | 207 37 10 5 SS 33 
50|| 251 38 172 57! 280 00 139 11 136 33 21003 6B] 32 
5 00|| 254 08 S23 02) 175 28) 282 30 S21 27| 141 41 N12 19| 139 03 N11 60| 212 28 Sto 57} 57 3) 
10|| 256 38 177 58| 284 50 144 12 141 33 214 53 BB OBB 3 
20|} 250 08 180 28| 287 29 146 42 144 04 217 18 Ce 
30|| 261 38. . | 182 50| 289 59 M912. . | 14634. . | 21043 . Sa 605 ' 
40|| 284 08 185 29| 292 29 151 43 149 05 222 08 © —«S1] 61 2 
50|| 286 38 188 00| 204 50 154 13 151 35 24 34 BO e2 3 
6 00|| 269 08 S23 02| 190 30/ 207 29 S21 28| 156 44 N12 19| 154 06 N11 50| 226 99 Slo 48) St 24 
10|| 271 38 193 00| 299 50 150 14 156 36 29% = a7] SS 23 
20|| 274 08 195 31] 302 28 161 44 159 06 23149 «© 46, 8 22 
30|| 276 38. . | 198 O1| 304 58 16415 . . | 16137. . | 2414. 2 
40|| 279 08 200 32| 307 28 166 45 164 07 236 39 y & 20 
50|| 281 38 203 02| 300 58 160 16 166 38 2005 «© 41f_ &8 19 
7 00|| 28408 S23 02| 205 32] 312 28 S21 23| 171 46 N12 19| 169 08 N11 S9| 241 30 Sto 40 71 18 
10|| 286 38 208 03| 314 58 174 16 171 39 243 55 372 17 
20|| 289 07 210 33| 317 28 176 47 174 09 246 20 73 16 
30|| 201 37. . | 213 04] 31057 . . | 17017. . | 17639. . | 24845 . soy 75 15 
40|| 204 07 215 34| 322 27 181 48 179 10 25111 | 34} 76 18 
50|| 206 37 218 04] 324 57 184 18 181 40 25336 377 ‘13 
8 00|| 209 07 $23 01| 220 35/ 327 27 S21 29) 186 49 N12 19] 184 11 N11 S0| 256 01 S10 32978 11 
10|| 301 37 293 05} 329 57 189 19 186 41 258 26 sk 10 
20|| 304 07 225 36| 332 27 191 49 189 11 260 51 . 
30|| 306 37. . | 228 06| 33457 . . | 19420. . | 19142 . . | 283 17 
40|| 309 07 230 37| 337 26 196 50 194 12 265 42 
50|| 311 37 233 07| 339 56 199 21 196 43 268 07 
9 00|| 314.07 823 01| 235 37| 342 26 S21 29| 201 51 N42 19| 199 13 N11 50| 270 32 S10 28 8D © 
10|| 316 37 238 06| 344 56 204 21 201 44 27257 «2 (AG! 
20|| 319 07 240 38| 347 26 206 52 204 14 27523 | 
30|| 321 37 243 001 34956. . | 20022. . | 20644... | 27748 . 18 
40|| 324 07 245 39] 352 28 211 53 209 15 23013 ° «(18 
50|| 326 37 248 09| 354 55 214 23 211 45 23238 «| «I SDC Z 
10 00|| 329 07 823 01| 250 40] 357 25 S21 30| 216 53 N12 19| 214 16 N11 50| 235 03 Sio1m = 2 
10|| 331 37 253 10| 350 55 219 24 216 46 23729 «| 1S = 
20|| 334 07 255 411 2 25 221 54 219 16 289 54 
30|| 336 37. . | 25811] 4 55 2425 . . | 22147 . . | 29219 . 11] Corr. 
40|| 339 08 260 41] 7 25 296 55 224 17 20444 ° OHA C 
50|| 341 36 263 121 9 55 229 26 228 48 2709 «os 
11 00!| 34406 S23 01| 265 42| 12 24 S21 30| 231 56 N12 19| 229 18 N11 50] 200 35 Slo og)s 
10 268 13| 14 54 2A 26 231 49 302200 OS © 
20|| 349 08 270 43] 17 24 236 57 234 19 30425 (OM, 
30 351 36. e 273 14 19 54 ° ° 239 27 e e 236 49 ° 306 50 e iy. 0 0 
40|| 354 08 275 44| 22 24 241 58 239 20 309 16 1001] 40 
50\| 356 36 278 14| 24 54 244 28 241 50 311 41 9 89 
12 00'! 350.06 823 01! 280 45! 27 24 S2i 30' 246 58 N12 191 244 21 N11 50' 814 06 8 9 68 
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9 VENUS |4 JUPITER | >b SATURN 
OCT |g Pe Dec. GHAl ae 724 —2.2 0.4 el 
GHA DecjGHA Dec.|GHA Dec. at | 3 
Am. ° ‘ ° é ° . ° é ° ° ? 3° eo ‘ e C+] 4 Pe a 
12 00 360 06 823 01|280 45 27 24 S21 30/246 58 N12 19/244 21 N11 50/314 06 So ssi] ¢ (=| 8 |e 
10 | 1 36 283 15| 20 54 249 20 246 51 31631 bh. | a |e] ela 
20 | 408 285 46| 32 23 251 59 249 21 318 57 —sBB a uae (ane 
30 | 636. . (288 16| 34 53. 254 30. 251 52. 32122 . 83 
40 | 9 06 290 46| 37 23 257 00 254 22 323 47 «62 N 
50 | 11 36 263 17] 39 53 259 30 256 53 393612 BI | mi mip mi m 
13 00 | 14 06 S23 00/205 47| 42 23 S21 31/262 01 N12 19|259 23 N11 50(328 38 89 404 O° ae bre 9 
10 | 16 36 298 18| 44 53 264 31 261 54 33103 481 P|” 59/ azlio ool 23 
30 | 21 36. 303 18] 49 52. 269 32. 266 54. 335 53. 451 Fol g os! 40\ gal on 
40 | 24 06 305 49| 52 22 272 02 269 25 338 19 Mol 7 eel asl. Rol oe 
50 | 26 36 308 19| 54 52 274 33 71 55 340 440 amy GP” Bai ai 0) 8 
14 00 | 29 06 S23 00/310 50] 57 22921 31/277 03 N12 191274 26 N11 50/343 09 S9 411 40} 22] 31! 35) 33 
10 | 31 35 313 20| 59 52 279 34 276 56 345 34 35| 7 08| 28; 29] 35 
20 | 34 05 315 51| 62 22 282 04 279 26 348 00 —«- 384-30) 6 56) 27; 23) 38 
30 | 36 35. 318 21| 64 52. 84 35. 98187. . (35025 . 36) 20; 35| 241 14] 41 
40 | 39 05 320 $1] 67 21 287 05 84 27 352 50 s110| 17] 23| 9 08] 43 
50 | 41 35 323 22| 69 51 289 35 286 58 355 15 | 
15 00 | 44 05 S23 001325 52| 72 21 $21 32/202 06 N12 19/289 28 N11 501357 41 Sg 32q ° & 90) 22| 8 58) 46 
10 | 46 35 328 23] 74 51 204 36 291 50 006 31h iol 5 431 231 sol 50 
20 | 49 08 330 53| 77 21 297 07 204 29 Bal 2 sala) cal oe 
40 | 54 05 335 54] 82 21 302 07 299 30 7 2 sel a eoligol: “sal ce 
80 | 56 35 338 24| 84 50 304 38 302 00 9 47 ws br gees eo er 
16 00 | 59 05 823 001340 55| 87 20 S21 32/307 08 N12 19|304 31 N11 50| 12 12 S9 23) 45| 4 18] 36 14] 62 
10 | 61 35 343 25] 89 50 309 39 307 O1 14.38 228 50| 3 56| 43/06) 65 
20 | 64 08 345 55| 92 20 312 09 300 32 1703 20152] 45] 47| 8 02l 66 
30 | 66 35. 348 26| 94 50. 314 39. 312 02 . 19 28 . 191 54| 33| 52] 7 57| 68 
40 | 69 08 350 56| 97 20 317 10 314 32 21 53 ° 188 56| 19] 60| 521 70 
50 | 71 35 353 27| 99 50 319 40 317 03 2419 164 58) 3 03| 71| 47| 72 
17 00 | 74 05 923 00/355 57/102 19 S21 33/322 11 N12 19/319 33 N11 50] 26 44 So 15] © 2 43) 93) 7 41) 74 
10 | 76 35 358 281104 49 324 41 322 04 2909 «213 
20 | 79 05 0 681107 19 327 12 324 34 3135 2 : 
30 | 8134. . | 3 281100 49. 329 42 327 04. 3400 . IC 
40 | 84 04 5 B9\112 19 332 12 320 35 36 25° («OOS 
50 | 86 34 8 201114 49 334 43 332 05 38 51 07 ~ 
> 
18 00 | 89 04922 89| 11 00/117 19821 33/337 13 N12 19/334 36 N11 50] 41 16 S9 06] | “a 3 
10 | 91 34 13 30/119 48 330 44 337 06 43 41 04 E 8 |3 
20 | 94 04 16 00/122 18 342 14 339 37 4606 608 | & s 1A 
90 | 9634. . | 18 31/124 48. 344 44. 342 07 . 232. of | | |” | 
40 | 99 04 21 011127 18 347 15 344 37 50 87 9 00 
50 |101 34 2 32/120 48 349 45 347 08 5322 8 6] N 
19 00 |104 04922 59| 26 02/132 18 821 34/352 16 N12 19|349 38 N11 50] 55 48 S8 B71 gals on! Frio sal ma 
10 |106 34 98 32/134 48 354 46 352 09 58130 BOL eg! onl sil onl 71 
20 |109 04 31 03/137 17 357 16 354 39 6038 = Ba ce! a6] a7} el 70 
30 1111 34. . | 33 33/139 47. 359 47. 357 00 63 04 BSI cg! = 48l 43 30| 68 
40 |114 04 36 04/142 17 217 350 40 65 29 = 551. 50.15 50| 401 34] 66 
50 |116 34 38 34|144 47 4 48 2 10 67 54 0 25'i6 og| 371 37/ 65 
20 00 1119 04 S22 89| 41 051147 17821 34] 7 18 N12 19 441 N11 50| 70 20 S8 48] 45; 20] 33} 44! 62 
10 {121 34 43 35/149 47 9 49 7245 47140| 45] 31/ 501 59 
20 1124 04 46 05/152 17 12 19 542 75 10 51 35/16 50] 28|20 56| 56 
30 |126 34 48 36/154 46 1449. 1212. 77:35 . 44¥ 30/17 11| 27/21 00) 54 
40 |129 04 51 061157 16 17 20 14 42 80 01 20; 32] 24) 08] 51 
50 1131 33 83 37/150 46 19 50 17 13 8226 419 10/17 50| 22} 14] 48 
21 00 |134 03 S22 59| 56 07/162 16521 35| 22 21 NU2 19] 19 43 N11 50] 84 51 S840 glig gz] onl ail 45 
fee ifee Ge ee ise s 
20 |139 03 61 08|167 16 37 
30 114133. . | 63 38|160 46 29 52. 27 14 9207 . 364 10/18 2) me, 
22 00 |149 03 S22 59| 71 09/177 15 S21 38| 37 23 N12 19] 34 46 N11 50] 99 23 S831] 40! 32} 33/51] 31 
10 {151 33 73 401179 45 39 53 37 16 101 49 298 45119 50| 37/21 56| 30 
20 1154 03 76 10/182 15 42 24 39 47 10414 —- 281 - 50/20 12| 44/22 03| 26 
30 1156 33 . 78 41/184 45. 44 54. 42 17. 106 39 3) 521 221 49/06] 25 
40 |189 03 81 11/187 15 47 25 44 47 109 05 BL 54; 34] 54| 09) 24 
50 1161 33 83 41/189 44 49 55 47 18 111 30 23} 56120 48| 62 13 22 
58 7 
23 00 |164 03 S22 58| 86 12/192 14921 35| 52 26 N12 19| 49 48 NII 50/113 55 Ss 22 °3| 
10 |166 33 88 42/194 44 54 56 52 19 116 21 gy 8021 24) 96/22 22) 18 
20 |169 03 91 13/197 14 57 26 5A 49 11846 ~—s IS 
30 17133. . | 93 43/19044. . 159867. . | 8719 , Wain. 
40 |174 03 96 14/202 14 62 27 50 50 13 37° 16 
50 |176 33 98 44/204 44 64 58 62 20 12802 14 
24 00 |179 03 922 58/101 14/207 13 S21 36] 67 28 N12 19! 64 51 N11 50 |128 28 S8 1! 
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~ BRBSSSVSSSSVSSSSSESRERSSSSSSSSSSSSAARARARAARARRAR 


c 
Cm ed ee red mt ed ed ed et ed md ed ed vl et et ed ed ed ed ed OT ONO ONCE RENN CURIONI ON NOON NAN NNNANNANN 
= 
qj 


“ES s 8 s = 


SHARIA ISERSSSRSr BLS SSOr Ave sor LegcayxARsRRSaAsr4sses 


© OOOO OC OO OOO OG Ft K-34 64 ced vk 4 6 re vk 8 eet mt nd et met et mt red ed ed ed ped eet ed ed ed et ed et et et et at et et et 
3 "RARBESYIAZSSSSAARKARSSIESSSSAARRRBES SSBSSSAZRNRARY 
—ES 3 & | $ 


Corr. 


Et SSS8SSSESSSSAASRALNASARANRARRNRRSSSSBSBERRASSIISISSSSS 
6 ° SeSCoSCSCCOOOO COO OCCOC COC OS SOOO OSS OSOC SO SSCOOOSSOOSOOSSCSS 


j “SSSSAANKSRSISEBSSSAARARRESILBBS 
ES 3 s 3 


BE SaSST SSR SS SSS SSBRESSSSSSSSSSSSSAARAMAARAARARRARRRRAS 
8 Oe kt et de et ed et et et ed wt et et oS MOON NAN NNANNNANNANNANNNANANANRANAAANR 
os "RSSSSSSSSRNARRSSSVSSESSSAENRRSSSSSSBSSSSARARRASSSSBES 

(—] 


Aes 5 £ Fs 2 


KE. SGOSSSRBS5R2SSSSSSSESSSSASAAARARAARARRARRNRARRSSSSRASBSS 


~) 


oO 0 COC CO COC CG $6 Ai 68 68 pt rit rad et et ed et ret med med red ret et ret eed et ed nt ed vet eg at nd et et ret mm ed eet get ne et et et ed et od 
So enOGR eS e eet eran ate e enero a ene ee Tare nee 
ES 3 o 8 
E . SSS SSBESSSSm NA SLLSNMARAKRARRNKRASSSSSSSESSSSOVSSSSVS 
Oo eo coooococoecocoocooocooqoooocoooccococooocooeoocoocoeceocoqcooococrmcOCccOolcF 
3 “SSSSRERRABESVSBESSSRORRRRESVILAESSEAAARARSSIISSSSSAAAK 
od =n t> | 
ES =) ° 3s 








Correction to be added to GHA for interval of GCT 
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STARS 
Order of SHA 
Name Mag SHA Dec. RA SHA Dee Name 
e ‘ t+] a? bh m ° 4 Q ra 
Acamar................- 3.4] 316 00 840 33; 2 56 14 33; Ni4 6&3 | Markab 
Achernar............_.. 0.61 336 08 887 32/| 1 35 14 2% S29 56) Fomalhaut 
See ei ate 1.6)| 174 10 S62 46/12 28 28 52 847 15] Al Na’ir 
Adhara........._.....-- 16 255 55 828 54 6 56 344 «(41 N9Q 36/ Enif 
Aldebaran._ (a)....._._- 1.1 | 291 52) NI6 23] 4 33 50 09; N45 04! Deneb 
Alfoth........--......-- 1.7 167 © N&6 17/12 51 54 45 856 55 | Peacock 
Al Na’ir_.......--.--.-. 2.2 2 52 847 15| 22 6 68 01; N8 43| Altair 
Pry Ne EE eee 18 276 42 B81 15 5 33 77 «(06 826 22 | Nunki 
Alphard..............-. 22] 218 49 88 24! 9 25 81 16; N3S 44! Vega 
Alphecca.............-- 23; 126 57) N26 55| 18 32 84 56 834 25 | Kaus Aust. 
Alpheratg _............- 22] 368 40| N2@ 4/0 5 91 12} N51 30/| Etamin 
Se Saisie tes age naewe 0.9 63 Ol N8 43/19 4 96 657 N12 36/| R 
Al Suhail._....--.-..-. 22! 223 32 843 12| 9 6 97 36 837 04 | Shanla 
Antares.._..(d)_........ 12; 113 33 826 18| 16 26; 108 15 815 39 /| Sabik 
Areturua._...._......... 0.2| 146 45; NI9 29/14 13 (109 24)} S68 55! a@ Tri. Aust. 
* ArguSs.......-...-..-.. 17| 234 40 859 19] 8 21 113 33 S826 18 | Antares 
Bellatrix_.......-..-...- 17| 279 30| N6 18| 5&5 22| 12 47 822 27 | Dschubba 
Betelgeux............-- @.1-1.2 | 272 00; N7Z 24, 8 82) 126 57| N26 55} Alphecca 
Canopus..........._...- —0.9 | 264 20 S52 40 | 6 23 (137 17)| N74 24 | Kochab 
Capella...............-- @.2| 281 65 | N45 56! & 12) 141 06 860 35 | Rigil Kent. 
Canh: soo. cicct cei dees 2.4 358 30 N58 50 0 6 146 45 N19 29 Arcturus 
6 Centauri............-- 23!) 149 12 836 05! 14 3{ 149 12 836 05 | 6 Centauri 
B Crucis..............-- 1.5] 168 55] S69 22] 12 44| 159 28| S10 51 | Spica 
be Lacweuee dew tees 1.6| 173 Q1 856 47,12 28| 159 86/ N55 14 izar 
Seca eee nee 13 50 09; N45 04) 20 89 167 08 | N56 17] Alioth 
Denebola._............- 22] 183 20; Ni4 54/11 46[ 168 55 859 22 8 Crucis 
Deneb Kait._....__._-- 22} 349 51 818 19| 0 41] 173 O1 856 47 | 7 Crucis 
Dubhe...............-- 2.0 194 58 N62 04/11 O 174 10 S62 46 Acrax 
Dschubba............-- 2.5{ 120 47 822 27/115 57] 183 29; NI4 84 | Denebola 
PON co ce eos 2.5 34 4) N 9 36; 21 41 194 58 N62 ™ ;} Dubhe 
Etamin..........._._..- 2.4 91 12; N51 30/17 55 | 206 41 N12 18 | Regulus 
Fomalhaut....-........- 1.3 16 24 829 56 | 22 54| 218 49 88 24 ay pee 
Bese ted oaeeceatoe 2.2) 329 02} N2B 11]; 2 44] 221 51 S69 29; Miaplacidus 
Kaus Aust_..........-.. 2.0 56 S34 25| 18 20, 223 32 843 12} Al Suhail 
«anaes eae ee ieee oes 22 | (137 17)! N74 241 14 al 234 40; S59 19; ¢ Argus 
i 1 
Marfak..............--- 1.9; 309 58| N49 | 3 20, 244 34: N28 10/| Pollux 
Markab..._.....-_._.-- 2.6 14 83 | N14 538; 23 2) 245 56 | N 5 22 | Procyon 
Miaplacidus...........- 1.8 | 22) 51 869 29/ 9 13 | 255 55! S28 64 Adhara 
MOE coco eaes 24] 159 36| N55 14] 13 22| 259 22 Sié 38 | Sirius 
Nunki__._...--2-.22---- 2.1 77 06 826 22| 18 62; 264 20 S52 40 | Canopus 
Peacock............---- 21 54 45 856 55 | 20 21; 272 00; NZ 24/ Betelgeux 
Polaria.._.....--......- 2.1 | (334 12)} N88 5&9/| 1 43] 276 42 81 15| Alnilam 
Pollux._........-.-..... 1.2 34 N28 10/ 7 42/| 279 30; N 6 18] Bellatrix 
Procyon... .__._-......- 0.5; 245 5) N& 22| 7 36; 21 55 | N45 56 | Capella 
Rasalague............-- 21 96 57 N12 36] 17 32 282 «(04 §8 16/ Rigel 
Regulus. _(6)..........- 1.3 208 (41 N12 15 | 10 §& 291 652 N16 23-| Aldebaran 
Rigel__._._.._......-.-- 0.3 232 «(04 88 16 § 12 309 §8 N49 39 | Marfak 
Rigil Kent___......_.... 0.3} 141 06 S60 35); 14 36} 316 00 S40 33 | Acamar 
Ruchbah.._....--..-... 28] 339 31} N50 56/ 1 22| 329 02} N2 11] Hamal 
Sabik._.....-........... 2.6] 108 15 815 39] 17 7 | (334 12)! N88 659) Polaria 
Shaula.._.....-..-.-. 2. 1.7 97 36 837 04/17 30/ 336 08 857 32) Achernar 
Sirius...........-....-- —1.6 | 259 22 816 38| 6 43 | 339 31] N59 56| Ruchbah 
Spica... .- (C)ecoct weed 1.2 189 28 S10 51; 13 22 349 51 S18 19 | Deneg Kait. 
@ Tri. Aust.__........-- 1.9 | (100 24) 868 55 | 16 42 358 30 N58 50/ Caph 
VOR oo 0.1 81 16; N38 44| 18 35 | 358 40} N28 46! Alpheratz 
SHA =360°—RA Jan.-Apr., 1941 


bo 
pear 
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POLARIS 





| | 
LHAT Corr. | LHAT Corr. | LHAT Corr. | LHAT Corr. | LHAT Corr. | LHAT Corr. 





° o : ° r) ° ° 


357 65 ss3s_.. | 12821,,, | 179 34 270 37. 31017. 
eho3 | Sas | Rewes | ee | es | Es 

6 oO: 8 _= “4 ~ 

4a 23 | gt ae~2> | aznast2® | 1s6 set? | a73 a2t24 | 313 12772! 


| 
| 
—57 —24 +17 +58 +23 —18 | 
7 165 92 4851 | 132 18 190 217 >) | 27442153 | 31412 

~58 —2 +18 +59 +22 —19 
10 25 5p | 9948 op | 1816 Lig | 194 OTK) | 38 TOT | 318 12D, 
| 
\ 


225 
139 16 {5 | 227 a5 
4945-93 , 10142 |) | tan eit” | 2szs0t >) | ass sett’ | 323 22727 
5202-5) | 10241 '4 | waz sot?) | o3ageto! | 2ea377 324 27 
540394 | tos 3915 | was a2 to) | 236 2579) | 235 sett? | sas 31729 
Bena | iia | Wiis | ears | Bec | Bee | 
s9 30-2. | 106329 | aap ae tot | cargo? | apg 2a7t 9 | ga 4532 
50 — 9 at32 +49 + 8 —33 
6105) | 10730. 3 | 147671 5> | pte; {? a9 25 5 | 329 538 
eis-i3 | woz? | totes st | metstt © arart & | asa 0873s 
 ) woz ® | apn as 3S | azar tio opgz ast > | 333 2036 
16 c— 5 +36 | gag astt © o93 tot 4 | s34 31727 | 
ea! | zie} | assarte” | aso gett! ; decost 3 | 335 2-38 
~44 3 +38 +43! +2 ~39 
69 52 |} | 11308 5 | 1845215) | 251581 {> | 295 08) 7 | 336 54—37 | 
Ru-g | Wei | wets | a | Bers | ee 
woo | tee! | ie? | mee? | Bea? | 388 
76 1833 | W782) 3 | tel 2s; {} , weiss? | 299 48 | 234 
mao | ipa! | ies | gow | means | ia tna 
7952 °° | 138) > | 16835145 | zen as'%? | soz ai | saz a7 # 
35 + 6 +47 +34 ae | —48 
gio1_3? | iznss{S | ie7os ti? | 2ezs7t st | sosse— 2 | sao 15—98 
—32 + Y +50 +31 —10 —51 
420-3? | 126317 ,9 | i72007°? | 266 1st) | 306 261° | 354 17—4) 
3, | 425 2g 10 | azz ast) | 267 23759 | 307 aut) | 356 0482 
86315) | 126267), | 175 347°) | 268 2875. | 308 21744 | 357 85 
87 3605 | 17a | l77 OT | 6269 335 «| 308 9 0 007 55 
sg38- 3 | aap 3 | azesat! | azes7zt?’ | 31017 2 16 








Refraction correction table. Always subtract correction from H,. 











Observed altitude 
Height in feet neal ee a 
5° 10° 15° | 20° : 30° 45° | «60° 
ere alee eee eee meee as, Ae 
. , a é ’ 4 a r J 
Oo hoe ie Mees neo Ue ance Oe 10 5 4 3 2 1 
B00 ec ose ce elelth eaaet bree arenas Oe hace 8 5 3 2 1 1 
10 0005 eos nty ahora cect neem eee 7 4 3 2 1 1 
P6000 oe k eetrap oe ea eel ge eng ee 6 3 2 2 1 1 
90; 000: cea Bie ce atennnua ee estan seam 5{ 3 2 | 1 i 1 
28.000 a. 82 ote PSE ieee eee dee es 4 2 2 | 1 1 0 
$0,000. ten) hewn etree) decent aaa 3 2 1 1 1 0 
$5 000 foes: BAN Gee eat aecne : 3 | 2 1 | 1 1 | 0 
40 000 oe woetoes cakes dian aelacaae ecu ceat ee 2 1 i 1 0 | 0 





| 
| 
1 
| 
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Dip correction table. Always subtract correction from H,. 





ay eee Vif ote Oe al 7 
Height | Corr. | Height | Corr. | Height | Corr. | Height | Corr. 
0 160 620 | 1380 
2 1 180 13 670 25 1460 37 
2 14 26 38 
6 210 70 1540 
3 15 27 39 
12 250 780 1620 
4 16 28 . 40 
21 840 1700 
5 17 29 41 
31 310 900 1790 ! 
6 18 30 42 
43 ; 350 . 960 _ 1870 
58 : 390 A 1030 - 1960 r 
78 430 1090 2060 
$3 “00 2 neo §=6s S| so 
10 i 22 ios 34 aac 46 
iy so 8 i035 | oP 
162 12 620 24 36 2440 
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Accuracy in navigation_.___...._.._..._-__.-.-.---_---___- 5 
Aids during flight...--. 0520222 eee ese cte Se eek 110 
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